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FO'REWORD 



The Division of Science Education Development and Research (SEDR) 
has supported a variety of research and development activities de- 
signed to strengthen the Nation's system of science education. Since 
its establishment in 1976 it has sought to increase both our under- 
standing of and our techniques for improving education m science ,at 
all levels and for a}\ age groups. 1 

To that end, the Division has made funds available for research 
projects designed* to generate new* knowledge or to synthesize exist- 
ing -knowledge about the science education process, and development 
projects designed to "produce, test, and disseminate innovative sci- 
ence instruction. . \ „ 

From February 5 through 7, 1981,; SEDR held 'a meeting in Washing- 
ton, D.C., of recent project directors, NSF staff, and iirther selected 
invitees. The bulk°of this publication consists of the eaited texts of 
the papers delivered by' the invited speakers. Most of the speakers 
have been or currently- are grantees of this Division, and the range 
of the topics is representative of the wide scope of the Division's 
activities. 



\ 



INTRODUCTION 

<? 

In Science Education, ''research 11 and "development 11 sometimes tend 
to be thought 6f as inherently separate, like Kipling's East and^West. 
The purpose of the 1981 Project Directors' Meeting was to encourage 
"the twain to meet." • ' ¥ 

\ . 
Individual leaders in the. two fie'lds'had already begun a process of 
rapprochement, and their initial results have been encouraging. It * 

• now rs possible to begin to speak, as Dr. Tyler does in his keynote 
address which follows, of "integrated research, development, di#- 
semination*, and practice" in science education. Projects that success- 
fully integrate the parts appear to enjoy significant advantages oveV 

* those that do not. Even the most reluctant convert will be impressed 
by the benefits described by.Drs. Roy, Signell y McDermott, Robinson, 
and Rowe in »their cjiscussron of "Projects that Integrate Science 
Education Rfcse^arch and Development: Beriefits of Interactions afid 
Costs of IVIissed Opportunities." 

t 

At the Meeting itself, the deyelopment community listened attentively 
to what researchers ' had to say to them through Drs. McGuihness, 
Lochhead, and Carpenter; the research community was equally at- 
tentive to ideas presented^ by developers Mehlmger ' and Hooper. 
Dr. Lipson's description gf £he 'natural clusters existing .within the 
science and 'mathematics research and development communities, the 
£ linkages',- that 'connect these two groups and the barriers that separate 
themj v provides a helpful cognitive map of thd* entire area. It also 
Tdentifies in a useful way the sticky points that mjjst be dealt with 
before Tnore effective and sustained interaction 5, can take place 
betweem them. ' 8 * 

Dr. " ,Wirszup, in*^ his disdussion pf „the science and mathematics 
• achievements* of the educational systems of the Eastern Bloc as com- 
pared with*the U.S., provides the imperative for fostering grearter 
interaction 'between the fields*, and Dr. 'Ghipman closes the volume 
by a providing** heartening^, evidence that institutional infrastructures 
are beginning to develop so as , to support constructive -changes in 

. this area. - * ' " • 

# 

Without being overly 'sanguipe, I believe tPfSTXhe papers w^hieh follow 
provide a rational basis for ^hoping that futdJre science and mathe- 
matics educational developers will increasingly/frame their projects <in 
the light shed by recent research, while researchers in these fields 
•will find' through the experiences' of the Nations educational devel- 
opers a healthy anchor chain to reality.' 

The meeting Reported herein not only raises some important questions 
regarding..linkages;. it even offers some timely answers. 



Walter L. Gillespie 
Acting Assistant Director - 
for Science and Engineering Education 
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AGENDA 

SED'R PROJECT- DIRECTORS MEETING 



February 5-7, 1981 -■ 

Thursday, February 5^ 
8:30 a.m. Pre-Session I 



v. 



.12:30 p.m'. 



Pre-Session 



ShoreKam yotel-, Washington, DC 

v 



Cognitive* Processes GroDp^ 
* Organizer: Erik'D. McWilliams 
' Program Manager, 
> RISE 

Curriculum Development Software 
Exchange 

Organizer: • Tiregg Edwards 

Ppbgram Manager', 
*DISE . 



> 



7:30 p.m. 



v . Plenary. Session I 
MQdera.tor : 

Keynote Address:' 



x 



Responses : 



Announcements: 



* 6 



Joseph t. Lipson 
Division Director, SEDR 

Ralph W. Tyler 
Director Emeritus, Center for 
Advanced Study* jn the Behavioral 
Sciences . 

."Integrated Research, Development, 
Dissemination, and Practice in 1 
Science, Education" 

Robert Karplus . . 

Associate Director, Lawreni^eTtall 
of Science, University of ' 
California, Berkeley* ^ * 

Ronald Havelock . 

Professor of Information Study 

American University 

Alexander J. Barton ' 

Program Director, *D1SE, and General 

Chairman of the Meeting 



\9:,45 p.m. •Concurrent Video Presentations I 

| *• A. John M. Jobe - Oklahoma State 

~ * University, "An Actuary, What's' 

That?" and "Mathematics in 
- Space 11 
* • • * 

B. Defiald R. Johnson - University 
of Wisconsin, "Video Systems 
.5 for Teaching Meteorology" - 

^ C. Michael Fiasca - Portland State 

■ * ' . • University, "Mt. St. Helens - 

Causes and Effects" 

D. Merlyri J. Behr - Northern 
Illinois University, "Mani- 
pulative Aids in the Learning 
of Rational Numbers" 

E. Robert. G. Fuller - University 
1 of Nebraska, "The Xakoma 

m • Narrows ^Bridge Collapse - 

Videodisc Education" 

F. Susan Rierper-Sacks - Barnard 
College, "Hormonal Control and 

I * Ring Dove Behavigpi 1 _ 

Concurrent ,Poster Presentations I 

Friday, February 6 ' . j * 

* * 
8:30 a.m. - Plenary Session. 41 t 

Moderator: . Dr. Lipson 

• \ , 

' Lee Wickline 

, Director, ^National Diffusion Network 

% ■ * "The Role oLthe National Diffusion . • 

Network in Disseminating Educational 
Innovations of Proved Utility" 

Address: Donald N . * Langenberg 

* • Deputy Director, National Science 

a Foundation 

*» *• * *• t 

i • 9t ' 9 Kenneth A. Klivington 

• i Program Offic6r. 

* ■ r*/ * '* The Alfred P. Sloan Foundation 
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"Hovv^the. £loan Foundation's 
t Science Education Programs Are 
Created, Managed, artd Monitored 



Plenary Session 



» Pane[ Presentation: "Projects That Integrate Science 

Education Research, and Development: 
Benefits of Interactions and Casts 
of Missed Opportunities" 

oderator: Rustum Roy y? ' 

Director, Materials Research 
Laboratory, Pennsylvania State 
University 



Panelists: 



Peter Signelf 

Professor of Physics, Michigan State 
University 

Lillian C. McDermott 
Associate Professor of Physkrs 
University of Washingtpn 

James T. Robinson 

• Center for Educational Researching 
Evaluation, Biological Sciences 
Curriculum Study Company, |nc. 

Mary Budd Rowe v ' 
Professor of Education, University 
H of Florida 9 



Concurrept Poster Presentations II . 

Concurrent. Video Presentations II (Repeat of 
Presentation h) 



Plenary Session IV 
Moderator:. 



Robert F. Watson 

Deputy ^Division Director, SEDR * 



jPanel^ Presentation:' "Current Targets of Opportunity" 
» '• ' * 

A.' ' "What Science/Math Education 
. Researchers Say the Develop- 
, • w ment Community" - 



Panelists: ' Diane McGuinness 

' .Research Associate . 
1 % ' Stanford University . 

John Lochh£ad ; < 
Director, Cognitive Development 
\ « Project * i , i 

Department 1 of Physic^ and Astronomy 
^ University of Massachusetts, Amherst . 

* 'Thomas P, Carpenter J 

\ 'Associate Profe ; ssor of^ 

, Currjcujum and Instruction * 
\ * % University of Wisconsin, Madison . _ • 

B. "What Sciencie/Math Education 
' Developers Say to the Research . 

* j Community" • . ^ 

Panelists: Howard D. Mehliftger . , 

Director, Social Studied * 
«*- , 1 Development Center, Indiana University 

Kriltrna Hooper 
% Assistant Professor of Psychology 
1 University of California 

Santa Cruz - * 

4:00 ip.lh. ' Concurrent Poster-Presentation III ~ 

5:00 p.m. Concurrent Special Interest Sessions 

1 ' A.* % ' Discussion .withers. Tyler; * 
, % Karplus,- and H^vdlock • 

B. Discussion with DrS 8 . Roy, .Signell, 
1 - . * , McDermott, Robinson, anci Rowe 

C. Science Education in Informal 
. ' Settings 



Organizers: 



Rita ,W. Peterson 

Program Directory RISE • ~\ 

Carl J. Naeglle 
Program Manager, D'ISE 

D. Technology Applied to Mathematics 
- Teaching 



Organizer: ' 4 Dorothy K. Deringer 
4 v v< Program Manager, DISE 



xii io* 



3 E. Tasks Facing R .&.D: Meeting 

the- Navy Soviet. Challenge in 
j. * Science Education 

-Izaak Wir.szup 
Professor ,of Mathematics 
University of Chicago 



Saturday, February 7 . ■ t 

5:30 a.m. Plenary Session V 

. - Moderator: " Qr. Rita W. Peterson 

* ' * . Dr. Watson * * 

f 1 

"Issues of Interest to SEDR 
Project Directors" 

t , ' f 

Qr. Lipson . , 

* ' - * ' 9 

* % 9 • "The Science/Math Research and 

Development Workers: How They 
\ \ ' ' blaster, What Linkages Connect ; 

Them, -What B£rriers Separate Them" 
* . - . * 

9:45 a.,m. % Panel Presentation: * "What Next? - Fostering Greater 

\. Interaction Betweenf Science Education 

Research and Development 11 



Panelists: 



Dr. Wirszup 
Susan Chipman , 
•Assistant Director for Learning and 
Development, National .Institute of # 
Education 



■^■|05nrg^s e s sRSnS" 



^oRGU-ppent—SpeeiaH-nterest— Group s~ 

F. SEDR. Projects and the-Media 

k . Richard Muldoon 

NSF Public Information Officer 

N.B. The word "Development 11 as'usfed throughout this program refers , to 
that extended process , that includes development, per se, testing and 
evaluation," revision, dissemination (may involve a teacher training, 
component), utilization, and eventual, updating: • ' 



INTEGRATED RESEARCH, DEVELOPMENT, DISSEMINATION 
AND PRACTICE IN SC I ENCE EDUCATION . 

•• \ • ' ' : , . . '' - 

. , • \ Ralph W. i\\Qr 

# Di rector / Emeritus ^ 
"Center for" Advanced Study in the Behavioral Sciences, 

f 

Dr. Ralph W. Tyler needs rib introduction to. anyone in 
' the educational community ,*-thanks to his long record of 

'dedication J:o the many facets of education. His curr <-{ 
riculum vitae. reads like a history of -the de^elopn^nt of 
modern Education, with experience- as a high school 
teacher in Pierre, South Dakota, to his "present posi- 
. tions *as pirector Emeritus 'of *the^ Center for .Advanced 
• Study ih the BehavioraTJSciences, ' Senior, Consultant $t 
Science Research Associates, Inc., and President of the 
, Sy6tegr' Development Foundation. Born in. Chicag^, 
Dr. Tyler took two of his degrees in Nebraska, received 

a Ph.D. from the University of ' Chicago, ^mdvserved for 

ten years as the Chairman of the Department of Educa- 
tion "there. Dr. Tyler* tontinues to remain current on the * 
*• Nation's problems connected with bringing education into 
the Computer Aqe; and .his discernment of the key ele- 
ments involved is' the highlight of .his'„ speech. 

I believe it is generally -obvious that the potential contributions' 
research and development activities' can make to the improvement of 
educational practice are far from fully realized Two major ^factors 
contribute to /this large ,gap between the possible and *the 'actual. 
There is no generally accepted comprehensive Luiice^lion of tfie" 
dynamics of the various parts that^ make-~up~Tesearch, development, 
communications, and practice in American education; and these parts 
are not fjunctionally integrated. t They are not evejn_JLQQsely— .coupled , 



Where People Learn Aboot Science 

Most commonly, discussions of science education focus on* school artd 
colleige courses." However,, both children an-d adults acquire their 
notions aboutl science from , Experiences in all sectors of, their~lives. 
The attitude^aqd % beliefs of^ parents?* friends, and other respected 
adults are .influential. The mass media, p particularly television, pro- 
vide information or misinformation, stimulate or ct a ™P en interests,, 
and affect attitudes. Libraries and rhuseums 4 are important teachers 
for some people. Schools and^ colleges have a major responsibility for 
stimulating ' and guiding the science learning of children, and- youth, 
But they provide only part of 4:he learning experiences of most 
people, *&nd \jpf many cases only a minor part.* In seeking tojmfirove 



science education, the larger environment shcfuld be examined and ^ 
potentials for development explored. Very little, research and bevel-' 
opment has been focused on the ^learning outside of schools and 
colle'ges.^ ^ J 9 + 4 

How Teachers View Research - ■ « ^ , 

' * ■ ' • / • ' ' * . 

Even though ' many research and development activities involve 
schools, classroom teachers generally do not expect to benefit 
directly from the results*"of research. This attitude arises from, 
teachers'- perceptions that their problems are * of little interest to 
researchers 8 and frorin disappointing experiences /with - methods, 
TrtaterialsV arid devices. ' / 

In our highly decentralized educational system, the "teacher N is most 
directly accountable to "the I6cal v authorities and to parents. As pro- 
fessionals, Jeachers feel a sen|e of responsibility to • meet the expec- 
tations of the professional group with which, they • identify] but the 
standards are those of^ colleagues, not of scientists or ^educational 
researchers, Parents and . boards* of ' education are mgre 'likely to 
judge teachers by {he way 'discipline is handled and by comparative 
scores on standard tests than by the quality of science teaching. 

The importance teachers attach to 'student discipline should nofbe 
overlooked in designing learning systems. "In most classrooms, the 
teacher is responsible for the instruction of on*e or mdre groups of 
25-30 active students. The management of- a class to focus Attention 
on the sciences and to ensure that'gyery student is actively involved 
is a matter of great concern to almost all teachers. This problem has 
been overlooked by many developers of methods, - materials^, and 
devices for science education . 

Another factor which has helped to produce in teachers a skeptical 
*or resistant attitude toward advice and recommendations from ^outside 
the local school group has been the continuing pressure from special 
interest groups. Some of these spvecial interests §re widely -known, 
including anti-evolution, air-age education, physical 'fitness, drug 
ancf alcohol prevention', and.schobl prayer. Many others are not so 
well known. Some of 'the grtfups are well intentioned, but the coi^se 
of study <cannot have the*, necessary cumuJative effect if n$w pieces 
are being' forced into it without a- careful reappraisal of the whole. 
Because teacher* recognize the dangers of -responding to outside 
pressures asking tjhem »to tinket^yith the ^curriculum, ^ many have 
developed -an attitude*^f" skepticism and rejection of all proposals 
from external groups. Unless they . perceive the new ideas or mate- 
rials as useful, they Jiave little interest in -trying to apply the ideas 
or' use the materials. m ^. 

The- individual teacher usually welcomes assistance with .-specific 
problems, but not with problems ' that may exist elsewhere. Unfor- 
tunately, because research seeks universal explanations for puzzling 



phenomena, many educational researchers and developers have con- 
sidered educational problems in gene^ terms/ ' For example, in the 
1980s, programmed materials were developed for use in both elemen-' 
tary and secondary schools on the assumption that a common problem 
was the hack of carefully sequenced instructional materials . Several 
'centers were 'established, some supported by public funds and others 
by educational publishers, to produfce instructional materials system- 
atically" designed to furnish step -by -step guidance of student* 
learning. Later, when these prograrhs were evaluated and the results 
compared to the (earning of students who used >the traditional, type 
of textbooks ' and. supplementary materials, it was found that only a 
minor fraction* of the students* learned 'more when using programmed 
materials. Most of these were the so-called "stow learners . " The 
majority of the students wer^ ,not appreciably aided by the careful 
step-by-step sequencing. In fact, ^pme"of the more rapiql learners 
appeared* to do less well with programmed materials than with addi- 
tional instructional « materials . One can conclude that the^re* are 
students who benefit by the use of programmed materials . but the 
need for this derailed sequencing is , not universal. Apparently, when 
particular cases' bf students .h^/ing difficulty in working out a learn- 
ing' sequence were observed, it was tacitly assumed that this was a 
universal problem. « • * 

Another illustration of, this assumption of universality is f evident 
today. Public concern has- been aroused throughout the nation ove>\ 
the illiteracy of some high schoc>l students. The cry of "Back to 
Basics! 11 has fobused the attention of many schools on the teaching 
of ^literacy. Actually, the National Assessment of Educational Prog- 
ress shows that more than 80 percent^ of American 17-year-olds 'can 
read and comprehend common material! Those who have not learned 
to read are 'largely from homes where* the parents have had little or 
no 'education . The problem of illiteracy is an' rtnportant one for some 
schools and some students, .but' it is not a universal problem. The 
-public clamor for attention to '"the Basics" has resulted in * many 
places in an obsessive preoccupation with drill and practice on read- 
ing, and arithmetic and a neglect of other important areas of instruc- 
tion such as science, social studies, literature, art, and music. 

The research and development community has often failed to under- 
stand the concerns of teachers and has attributed the lack of atten- 
tion^ to research findings, and new' learning systems 'to a lapk of 
interest in improving education or to the bureaucratic rigidity of the 
school system. Although some teacher 'resistance 'may be due to these 
factors, most of the failures to apply research are due to lack 6f 
mutual appreciation of problems. 

The Function of Research in -Education ' 

Research in^all fields is an activity seeking to understand certain 
phenomena, that is / to explain each phenomenon in terms of general 
concepts and principles that .ar.e applicable to many particular ex- 
amples of it. Greater understanding of a phenomenon does not always 




result in greater' control of it, but it furnishes a basis for thinking 
rnore clearly ^about the process, and this often leads to devising ways 
of control. For example, research jn Meteorology has resulted injn- 
creased understanding of the processes involved in atmospheric dis-^ 
•turbances' but has ■ not yet** resulted* in control over tornados and 
hurricanes:. The research has, however, enabled developers to devise, 
more precise forecasting of storms, vyhich has aided in the'design *of 

protective Sctjons. . . ' 

« ° • 

Corresponding ' research on human learning has produced greater 
understanding of conditioning and of consciously directed learning, 
including such concepts as motivation, reinforcement, sequential 
practice, and transfer. This understanding has not immediately 
resulted in more effective teaching methods, instructional materials;, 
and devices, but it has furnished a basis for .clearer thinking about 
school learning that helps to give more intelligent direction to 
teaching. 

Needed Research in Science Education 

Reviewing' contemporary activities in educational research and com- 
paring them with the range of phenomena involved in science educa- 
tion, one is struck by their limited scope. Activities tend to be 
focused on school and college" programs with a large proportion 
devoted to psychological analyses of the learhers in, the classroom. ^ 
Little attention is giv.en to science learning in the home, through 
television viewing, through job experiences, etc. Ifi the early 1930s, 
George Stoddard* and his colleagues at the University of Iowa showed 
how -mych information and misinformation children obtained from 
watching movies. -At' the ssmfc time, L. L. Th.urstone and his group 
at the University of Chicago showed how powerful a movie could be 
*in creating race prejudice. Some studies are, now analyzing the con- 
tent'of television programs, but few attempt to determine empirically 
their effect upon different types of viewers., Programs like Super- 
man, Spiderman, and the Incredible Hulk .are 'popular with* children, 
but little is known as to whether they increase children's beliefs in 
supernatural .forces and magical persons or serve more as a relief 
from feeliogs of powerlessness becauSe of the limitations imposed by 
natural forces. 

Benjamin Bloom and his students have studied the differences in 
home environment and child-reaping practices in various^ kinds of* 
families and have shown their relationship to language development in 
the school. More studies «bf home and local cQmmunity environment 
would help to understand the process of science understanding or 
misunderstanding among American children and youth. ^\/ 

r>* y 

Few studies are reported on the learning that takes pl£ce in 
museums, libraries, nature clubs, etc*. For these voluntary agencies 
in particular we need to know more about the attitudes 'children and 
adults have as they goto museums, libraries', and clubs. What kinds 



of ch'ildren coming from what kinds of backgrounds are encouraged 
to participate 9 in these activities because of interesting things they 
will learn, and what kinds are urged to go so that parents may shift 
responsibility for them for a time? We know from the studies of 
Robert Hess and his colleagues that ftiany middle-class mothers send 
their children to school, saying, "You'll learn to read, write, and 
•work with numbers so you do things for yourselves. Do every- 
thing you can t9 learn !".A^e found many mothers in low-income 
homes saying to their children, M, You'v.e got to go to school. Don't 
do anythingto^Qfet into trpuble. We have enough trouble at y home 
now. 11 Yow^can imagine the difference, in the attitude toward**s^hool 
these two \inds of admonitions 'will produce. Ln the first, fc children 
are urged to be active and to learn; in the other, children are* 
warned to be passive, with nothing said about learning.. We need to 
understand the different attitudes learners have and the sources of 

tho$e attitudes. 

f 

Little research has been done on the relationship between the 
public attitude toward science and the achievement of students. 
From the International Evaluation of Educational Achievement we find 
that the top 5 percent of the* youth in each of the 13 developed 
nations participating made approximately the same high scores. How- 
ever, the middle 50 percent of the students in each nation varied 
widely in their average, scqpes, with* Japan* leading in science and the 
United States among the top three in reading. The scores of the 
lowest 25 percent of the students in the- United States exceeded 
those, of -the lowest 25 percent of other countries. Our own national 
assessment of educational progress showed t,hat in 1969-70, American 
17-year-ofds made higher scores In science, than in 1972-74. This 
might be related to the fact that in 1969-70 the* Americans were get- 
ting to the "moon w and the public was enthusiastic about scientific 
achievements, fjjour years slater, pollution, energy limitations, and 
environmental degradation were widely publicized, and the respect 
for science Irad been s replaced with the blaming of science and tech- 
nology for these problems, pne hypothesis is that young people who 
are. deeply interested in a subject will learn a great deal about it if 
there is opportunity/ regardless of the quality of the school. On 
the other hand, the middle group of students^are strongly influenced 
in their learning by the public attitude toward the subject. In the 
United States, efforts to help "disadvantaged" children learn were 
apparently successful in terms of increased achievement of the lowest 
group, in spite of : the public attitude. 

More research is needed to identify how much science knowledge is 
important for young people who are not planning careers in science 
or in occupations closely related to science. The American Institutes 
for Research '1975 foNovy-up study of a Sample of persons who were 
'in high .school in^96(f and participated in Project Talent sugges- 
tive. These persons, who' *were in their thirties in 1975, were asked 
w.hat they remembered ,' whats&they used, and what they thought was 
worth learning in their high school curriculum. With very few excep- 
tions,', the only things they remembered and thought worthwhile *in 
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their high' school courses were those tfrat they used in their «work, 
suqh' as mathematics in engineering, English composition in news- 
paper reporting, home economics in operating a restaurant, oV sub- 
ject^ in'whicft they were deeply interested. Science was listed^ as a . 
subject 0 of deep interest by very few who were * not in occupations 
' utilising science, • V 

/ u - . 

Ev»ery subject in the school curriculum is an intellectual enterprise 
consisting of a great quantity of material. Not even the wisest scien-/ 
tjst can know- everything about his/her field. There are a number of^ 
basic concepts; a larger number of tested generalizations and prin- 
p* ciples, and thousands of facts/~There are also many t questions or 
problems being attacked, a fair variety of methods and techniques 
* < for conducting inquiries in this science, and many tools and instru- 
ct " ments used. Furthermore, each 1 science has developed standards of 
work and ethics that furnish Important guides and constraints on the 
work of the scientist. 

Which ,of alL thesle things should be learned by whom? This question 
has not been seriously attacked in the last 50 years. The course- 
content improvement projects supported by the .National Science 
Foundation (NSF) developed a prospectus of what was deemed impor- 
tant by the scientists" directing the projects, but their efforts seem 
to have been focused on what students needed to learn at each stage 
of , preparation for a career in science or in science-related occupa- 
tions.- The resulting courses are reported to have been successful in 
preparing more soundly the students who entered the college and 
graduate departments of science, but they did not attract or improve 
the science understanding of many of the students- who were not 
planning to be scientists. 

The relevance of science learning .to the experiences, problems*, and 
interests of the learner is an important matter not just for utilitar- 
ian ism"" in a simplistic sense, but because of the nation's need for 
informed citizens in a world deeply involved in science and tech- 
nology, and also because ^things learned* are soon forgotten if there 
is ,not continued use of the learning in the learner's thoughts, feel- 
ings, or actions. The informed citizen cannot know as much as % the 
scientist knows, t but he will find some • scientific understanding and 
attitudes essential to his role as a citizen in a democratic society. f If 
this content can be identified , the learning can be accompanied by 
opportunities to <apply it outside the classroom. Thus, transfer of 
learning as well as permanence of learning is more likely to be 
ensured \ - t 

Research, is needed in scienqe education--not only »basic research, 
which results "in general /concepts and principles, but also applied 
research, that is, inquiries focused on particular situations and par- 
ticular kinds of students, teachers, and institutions, /which furnishes 
information of importance in improving science- education where nec- 
essary. For example, most teachers know .that the peer grfeup exerts 
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a powerful influence on student - learning ; -but the science teacher 
nee^Js help identifying the peer groups in vfhich his or her students 
are members and the -groups' influence on science attitudes, inter- 
ests, and understanding. Research may identify in general the rela- 
tionship of public attitudes 'toward science and thp science Jearning 
of students, but in a particular community the planning of a compre- 
hensive science program requires 'knowledge of the various attitudes 
anjong members of the community, and how thsy relate to different 
kinds of learners. In other words, generalizations indicate significant 
factors involved in science learning. In the local setting, the educa- 
tipr\al practitioner needs particular knowledge of these m fa'ctors and 
tlieir impact. *Some of these inquiries may be conducted by the prac- 
titioners or by the ^students themselves. But this i$ not likely to* 
happen unless researchers furnish technical assistance to show how 
to conduct this applied research and how to' utilize,* the .finding^ of 
local inquiries. 

* * - 

/This kind of connection between basic research and educational prac- 
tice helps the practitioner understand that resej^ch can be helpful 
iq 1 efforts to improve education . not embodied in* development of a 
particular system for use ' by teachers or others in the classroom 
laboratory, home, museum, library, or other places where ■ people 
learn. Research often identifies concepts, ways of thinking about a 
pjnenomenon that increase the effectiveness of the practitioner 
because he or she now observes significant things thst were not per- 
ceived before or modifies his or her ways of working because the 
professional role is viewed differently. For example, decent research 
oh "Time on Task" has influenced many teachers to observe the task 
orientation of students instead of noting only disruptive behavior. 

Correspondingly , research results can be useful to developers as 
•factors to consider in the .design of a learning system, even though 
the system does . not directly embody the research results. For 
e^mple, research ' 0 n social influences on learning has affected the 
design of a computer-managed instructional system, although the 
system is riot in itself a social learning system. . 

The Function of Development in Education 

Development in all fields is an activity seeking to design systems 
that will help to achieve, purposes under given constraints. Thus, 
development in automobile engineering seeks to design cars that will 
carry passengers without polluting the atmosphere and with minimum 
gas consumption. As another example, development in the field of 
law enforcement' includes an effort to design a system for police 
assignment that maximizes the proportion of offenses in which the ■ 
police have arrived within 3 minutes* and minimizes . the , number of 
patrolmen in each precinct, ^s these'two illustrations show, a system 
may involve a -tangible * product or it may only 'involve designing a 
procedure. _ — 
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In education, developers produce both tangible products and intan- 
gible* systems. The development of single-concept mini-films with 
sound urr science classes is. an example of a .product which is 
designed to help individual students understand the meaning and 
application of important concepts without requiring teacher attention 
to operation of the projector in a darkened room, nor the winding of 
a reel and periodic splicing, of the film. 

The development of an inquiry procedure in introducing a science 
unit is an example of an intangible system which can be followed by 
teachers without extended prior training in the use of an inductive 
approach to science learning. " ' x 



Reviewing contemporary activities in educational development with the 
range* of phenomena involved in sciencfe education, one is also struck 
by th-eir limited scope. Activities tend to be focused on developing 
instructional materials and devices for school and co-llege courses. 
Little attention seems to be given tb the development of systems that 
could be used in the home and in other community institutions such 
as libraries, museums, and organizations of youth and adults. Only a 
small amount of development effort seems to be giyen to the develop- 
ment of systems that do not necessarily require* tangible products. 

Although teachers " report that the problems of class management made, 
individualization difficult, if not impossible, few development efforts 
are devoted .to. the design* of effective management systems. The 
research of John Goodlad and his students indicates the great poten- 
tial of .continuous-progress learning .policies, and the research of 
Benjamin Bloom and his students demonstrates the great increases in 
thje achievement of the lower half of a class when mastery learning 
programs are adopted. Only a limited number of development activi- 
ties that seek to develop systems to make more widely acceptable and 
effective continuous progress- and mastery learning programs are 
found. 

The explorations of older children teaching younger ones by Mary 
Kohler .and the* research on peer group instruction by Herbert 
Thelenihiave not been followed by/ systems developed to enhance the 
effectiveness of programs in which children and youth help to pro- 
vide leaning experiences for others. The 'same thing is true with 
regard to 'the potential contributions of adult volunteers as partici- 
pants in student science learning. 

Development activities are largety carried on without adequate con- 
tact with the potential users of the developments. During the pasl 70 
years, a number of technological, devices and. systems that appear to 
offer major contributions to the effectiveness or efficiency of science 
learning have been invented and developed. Among the most widely 
known ar«e motion pictures, radio, tape recorders, television, high- 
speed^omputer-S, » videotapes and videodiscs. A considerable amount 
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of" research has been conducted on several of these devices to iden- 
tify the kinds of educational contributions they can make, the results 
of which have, generally indicated positive effects. In several c^ses, 
widespread promotional efforts were rdfde to encourage their adoption 
in American schools. Vet 'their utilization is much rflore limited than 
was anticipated. In the public schools, educational motion pictures , 
are among the common teaching aids> but their use is much more 
restricted than that of the Overhead projector. Most of the other 
devices have found a significant place in only a small percentage of 
the classrooms. 

Reviewing the examples, the use of typewriters by children in tha^ 
primary grades was tested intensively by Freeman and Wood about 6(f 
years ago. They found that it improved the children's performance * 
in spelling, reading, and handwriting. There was a flurry of adop- 
tion of this innovation, but within 10 years only a few schools con- 
tinued the practice. 

i « 
The use of silervt motion pictures was explored 50 years ago, quickly ' 
followed by experimentation with sound movies, which were heralded 
as the means for increasing learning and decreasing the costs of 
instruction. Today, sound motion pictures occupy an important but 
modest place among instructional'aids, but there is little or no use 
now of films that are^designed to furnish the cbmplete instruction for 
✓a course. The use of radio in American schools has followed a very 
similar pattern after extensive, experimentation in. the 1930s. 

Qn the r>ther hand, some technological devices, like the overhead 
'projector, caught on quickly and have been widely adopted. Some 
innovative systems such as multi-level reading laboratories have also 
been rapidly accepted and are now widely used. The difference 
between those innovations that are widely used* and ^iose that have 
not caught on lies in their perceived usefulness by the teacher and 
their comparative costs. « 

A typical teacher finds a new technology attractive when it will per- 
form instructional tasks which he or she finds distasteful or boring. 
"Teachers quickly adopt workbooks and 'audio tapes for drill and 
practice work. They also use computers for drill and practice when 
the school can afford them. , * 1 ^ 

A typical teacher also finds a new technology attractive when it will 
help him or her to perform tasks .which are recognized as important 
but .which the tea£her has not Ipfeen able to perform effectively ,or * 
easily. Most teachers feel a •rtsponsfbility % to provide instruction 
appropriate to the individual differ«nc£b among their students but 
do not see how they can -do thjis when they ,are 'responsible for a 
class of 25-35 students. Teachers" are' attracted to multi-level reading 
laboratories because they furnish reading materials appropriate for 
several different levels of reading development. Overhead projectors 
provide the flexibility of the Qhalk board to outline*, explain, illus- 
trate, or direct the~studentis attention without requiring the teacher 



to have highly, legible handwriting or'to turn his or her back to the 
class. The motion pjcture is -attractive* when the teacher wishes to 
present «ap event or a process more fully and vividly than is possible 
.with printed or oral presentations. 

There are negative' features of innovations that developers also 
^should redognize. Teachers do * not believe that most students can 
learn what" the schools and 'colleges seek to teach withopt the help of 
teachers. Hence*, when materials are called t "Self-instructional" or 
"teacher-proof, 11 teachers react unfavorably. Self- instructional .mate- 
rials meet a need of adults, but generajiy they will be used only as 
practice materials or homework in schools and colleges. 

Devices or systems that appeari^compjicated or that require extensive 
training for effective use are not likely to be used by most teachers 
unless they are given the necessary , training. The . development of 
easy-to-use film cartridges and tape cassrettes greatly increased the 
use of motion pictures and tape recorders Prior to that time, motion 
picture films required threading, rewinding, and sometimes, splicing . 
Audio tapes also required rewinding and were likely to break if not 
handled expertly. 

r 

Another important factor in the use' of innovitive * materials and 
devices is y the^cosC. About 85* perCfent of pie opiating budget of a 
public school is. for the salaries of teachers- and other personnel. 
During the period 1945-75, only 1.5 percent was spent for instruc- 
tional materials, and during the present inflationary- period only 
seven-tenths of 1 percent of the annual operating . budget is being 
spent for instructional materials. The amount of money available for 
equipment is no greater. Furthermore, the only 0 way that a new 
device or new materials can savfe ,a significant amount of money is 
by replacing one or more, teachers and thus reducing the size .of 
the school staff. This would als$ mean .increasing class size, and 
teachers do not generally favor <, such a policy. Henc£, a device^ or 
•system that is attractive must dost very little/ " N 

The foregoing analysis, of the reaction .of teachers and schools to 
educational developments is presented tp indicate^ the importance of 
continuing contact between schools and teachers on the one hand and 
developers on the oth*er % to improve science education. « * 

Training in the Use o.f Research and Development 

Most educational improvement projects, greatly underestimate the 
amount of training required for a typical potential . user to employ* 
Jjhe results of research and development. Several years ago, I served 
*as a. consultant to the Hebrew University of Jerusalem and Israeli 
•Ministry of Education in projects involving the implementation of tire 
Educational Reform Act of 1 1968. Considerable effort had been devoted 
to the development of instructional plans and^ new materials to aid, 
teachers in following, the new science* programs, which were very 
similar to the course content improvement materials developed* in the 
United^ States. * * 




Wtten the - initial ^^^e^^^^^Kc^-^^o|^cts >^w ere .instituted in local 
schools , we found ^S*^^ C 'w^ c he r s t did not 'understand the new 
objectives ^ did- not* kna^^^Kyl|a« conduct inquiry, learning and did 
not 'believe- that they couiS^^gs^ these new materials -effectively . They 
simply tried to use these ne^v textbooks in the same way they had 
✓been using the . old ones, that \%, asking students* to read and 
remember the materials in the books * Before the new programs were 
implemented in the schools. in the* ways* intended by the developers, 
about 10 times as, much, had been s^ent in training and supervising 
initial effort? as had been expended on the research 'and development 
of the new courses. I * * * 

In general, teachers, parents, librarians, and others who have a 
part to play in improving education will not undertake roles 'that 
they .perceive as new unless they believe the new'program will be 
significantly better -than the present one, understand the procedures 
expected of them, have learned 3 Viow to carry on new .procedures,, 
and feel * confident that they can carry ^Jiem on successfully. Most of 
them feel comfortable with their present practices and do not want to 
try something else which might mean Jailure. 'Most of 'the potential 
contributions of research /and development activities to -educational 
'improvement will not be realized unl^^ the training requirements are 
fully met. This ' involves greater expense and a longer time 4 frame 
than is usually provided for* in the- planning and budgeting. 

— . % * - 

Communication in the Research an<d Development System 

I use the word communication to emphasize the e mu I ti -directional 
channels needed to assist in the improvement of education. It has 
become popular to refer only to- dissemination , and diffusion , terms 
that imply one-way communication, from £ome centers of knowledge, 
new ideas/ and new materials and devices to, a passive audience that 
should be ready to receive' the word from research and developments 
centers. This is a faulty conception. As pointed out earlier, teachers 
are not passively waiting for things .to' be diffused to them. They 
are busy with their tasks and seek help only \vhen jthey recognize a 
problem. This is also true of parents, librarians, museum curators, 
and other persons who are consciously or unconsciously stimulating 
and guiding learning. What is raeeded is a communication network 
that permits, eYicourages, and assists the flow of inform|Jtion from 
the places where science learning takes ? place to research and devel- 
opment centers, , x and the reverse flow from devel6pment $ qpd research 
centers. The Educational Resources Information Center -(ERIC) pro- 
vides a useful systenrf to • inform researchers and developers, but it 
is only a/one-way system. ' ■ r 

The leading industrial and commercial research, and development cen- 
ters include consumer research" as an important function. An industry 
that produces office products', for-example, conducts" studies "of such 
things as the activities in offices, the v tasks performed, the problems 
encountered, and the * efficiency of the aberrations . The results of 



these -studies are used both k to guide further applied research in 
seeking more adequate/understanding of tfie office activities and to 
identify* opportunities for 'developing new systems or products that 
can meet the perceivedv needs of potential customers . Both the ap»- 
pliecL research divisions and the development division's* attempt, .to. 
keep in- continuing, touch -with basic research^ concepts, principles, 
or instrumentation to furnish suggestions for* applied research and 
for 0 development . Even .the basic research divisions try to under- 
stand consumer problems as a' factor in selecting areas for- further 
investigation . • * # * • * 

To cite another example, at thie present time major computer pro- 
ducers are increasing their activities in software » development 
because the research on" hardware has- reached a point where the 
tremendous efficiency of computers is not matched by many apparent 
uses for them. Software development is ah undertaking <af both 
applied research and development to design • systems employing 
♦modern* computers that will help to solve important problems con- 
sumers recognize 'or £ould be helped to perceive. Computer com- 
panies are increasing their activities in custbmer training' in orjAer 
j to help them to .use computer systems effectively. These companies 
fe^have established communication networks to aid in their research,. 
y t>oth basic and applied, in development, in marketing, 'and in train- 
ing. Although the processes of education are not so easily dealt with 
as typical office practiced, it seems highly probable that science edu- 
cation could benefit markedly "from a better integration of two-way 
communication systems among all the parts. * 

The most obviou's weakness in the present communication system is 
the lack of opportunity for e'asy input by sch<x>ls, homes, museums, 
libraries^, and other places wher?e scienc£ learnhng i^jjgoing on pres- 
ently or could be in the" future. The Johnson 1964 Task Force on 
Education proposed education laboratories as a means for local educa- 
tion agencies to become an- important pgrt of the educational research 
and development, system-, and support for them 'was authorized in 
Title IV of the Elementary and Secondary Education Act of T965. 
However, those that -were established were more like research and 
development -centers than laboratories helping and serving local 
schpols.- They often conducted research and developed instructional 
mdferials. Rarely did" they conceive of themselves as representing 
local educational agencies, helping them identify significant problems, 
' seeking relevant^knowledge, ideas/ mat t erials l and devices to aid in 
attacking these problems*, and v communicating research needs to 
research and development centers T Whethee- thisjwas due to a mis- 
understanding tif the intentions of the legislation, to a belief that 
local agencies had no interest in research and development, or to the 
fact that most of the laboratories wefe staffed by university types 
oriented to theory rather than school types familiar with practice is 
not clear. 
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The need for, closer working agreements between practice and re- 
search seems, to be reoogni?ed by the National Science -Foundation 
in^ another field. The Foundation reported on December 23, 1980: 

The Metropolitan Washington Council of Governments is 
planning a network of local governments in the mid- 
AtlanXic Regiori to, help solve municipal problems t ^by , 
applying scientific or technological techniques. 

Basically, the new network will be designed- to enable * 
cities and counties tb improve the effectiveness or reduce 
the cost of specific services ;such as trash collection, or * 
fire' and police efforts. * ■ ^ ^ 

The network* \vill be a part of ■ a National Innovation Net- 
work funded .by the National Science- Foundation's "Divi- 
sion of Intergovernmental Science and' Public Technology..- 
, The networks consist of groups of government officials, 
' scientists, and technicians who help state and local ■ * 
governments solve* day-to-day problems. The NSF pro- 
gram makes use of the scientific and technical expertise 
, of universities, colleges, industries, and research** insti- * 
tdtions to help solve the cities' problems. 

# >» 

This network of innovation suggests- a* parallel kjnd of network for 
hocal educational agencies. It should probably not have "innovation" 
in the ti^|e. This term has been used so loosely and 1 with such ill 
effects that teachers connect the term with poorly planned* programs 
to 'improve education carried on in inappropriate settings>&y inade- 
quately trained people to accomplish undefined objectives? Whether a. 
network is established or some other far/n of cooperation among local 
agencies to identify and solve educational prpblems evolves, it is 
clear from the experiences with efforts* to use research and devel- 
opment to improve education w that the active- involvement of practi- 
tioners is essential for widespread implementation . . 

In Summary — 

This paper *has indicated some of the weaknesses in the present 
communication system linking educational practitioners with those, 
engaged' in research and development: It ha* suggested that both'* 
researchers t and developers give attention to the several areas of life 
where people learn about science. It has asserted Inat practitioners 
should be viewed as active educators rather than as passive recip- 
ients of materials and advice from research and 'development centers 
arpcj has identified some of the concerns on which teachers commonly 
.focus_ their attention^ It has also presented some examples of gaps in 
research and developmen't efforts that limit the comprehensiveness of 
current knowledge of the systems designed^ to improve science educa- 
tion. It has pointed out the importance' of adequate training for" 
tho^e'^who are 8 to implement innovations. Finally,- it has t proposed a 
^'construction of the communication system linking research , devel- 
opment, dissemination , and practice in science education. 
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My remarks on thje topift^^il^ reflect my^ackgrounq) as a natural 
scientist whdse point of view 'differs .from 'that of behavioral scien- 
tists li.ke Ralph' Tyler. ^ While reading his t^<t, and now while listen- 
ing this everjing, I started to wondeV what comes to mind when we 
discuss "research" in science education, or more, generally , in edu- 
cation. Could you please thtnk of a significant result of educational 
research,^ qot obtained by yourself that you trust, sufficiently to 
use in your own work and to communipate to others? " . 

, Audience Suggestions 

1. Waft Time^ research by o Mary Budd Rowe and ,the* value* of 
* Principle Learning in Biology, developed by Ralph iTyler. - 

2. Small groups working- at a computer terminal together are 



superior to -individuals working a 



one. 



The difference between format operational and concrete opera* 
tional thinking. * j ' 



The character, q,f materials requ 
teach reading. 



ired to. teach teachers how to 

5*. Piaget's notion that knowledge always^has to be built up' by the 
learner and^is not something that is -transmiy^ed^ from v a. sender 
to a .receiver. . 



6. ft pays to sell solutions to textbook problems along with 
, v textbooks. r 

[ v 

7. Gagne's work on learning hierarchies. ' 

•it - 

8. The van Hiete classification of. levels- of "complexity in explaining 
and understanding geometrical concepts. 

~* - . - ' 

9. The validity and operationalizatipn of the psychological construct 

of general intelligence, 'starting from the work of Spearman, 
Binet, and Simon early in this century > x 

Thank you for all of these examples. I hope that tfrey -have clarified 
for ydu vyhat various members of the group here have in mind when 
tRey use the term research as a" basis for devel6pment and changes 1 
in teaching practice. , , * 

Before commenting further, \ wish to mention a thought-provoking 
research result, about 'Which' I learned recently. It has to. do with 
the application to scientific literacy of the "Almond" model, : which 
classifies the. members of a country's population into four levels: 
decisionmakers, ctpinion -leaders, the "attentive" public, and ,the 
"inattentive" public. The attentive public in an area Jike science 
policy includes those individuals wha have basic knowledge jn .the 
area, who are interested in the area, and who engage in activities 
that allow- them to keeq informed and up-to-date on developments in 
the area.' Jon Miller (1980) has found the attentive public i rf science 
to include between 15 and 20 percent of adults. Attentiveness is 
positively correlated with college attendance and the" completion of a 
college science course. Miljer suggests th»at ^there fere *so many 
competing' interests appealing for a person's attention (e.g. , eco-^ 
nomics, foreign' policy, politics) that hoping to - attract more that* 
about 20 percent to one area is futile. ' r « 

Now, to get back to Ralph Tyler's presentation. He pointed out that 
teachers are v skeptical of much reseSrqh because $f Us specialized^ 
nature.* Let > me elaborate on how l^vj^ew soms of the* Apparently 
• intrinsic limitations of educational research. 

-It appears to me, for example, tha* there exists a* tradeoff between 
the duration .of a research project concerned 4 with learning 'an^ the 
reliability *with which its educational impact or significance can be 
determined. Short-term studies, such as. surveys or cross-sectional 
tests, * tnay- be statistically impressive* t>Dt they are usually weak in 
taking into account the f pre-existing conditions that lead individuals 
to respond the way they da or that even' led. to their- participation in 
the project. v The short-term studies also overtook further develop- 
ment of individuals after they have participated in the research.*' We 
physicists have encountered *5ucK tradeoffs . even rn our "exact' 1 
science* and have formulated them as "uncertainty principlesr. 11 - One 
might therefore write m - N < 



AEAT>constant 



A— is 
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where AE .is the uncertainty in the educational impact as measured in 
a research project that considered data describing its subjects during 
the time interval AT. , / 

As another example, consider tradeoffs that arise from the influence 
of the process of measurement on jts subjects. I experienced these 
myself when I generated physics problem-solving protocols. I found 
that I became more conscious of my private problem-solving processes 
after having articulated my procedures -for tape-recording, and that 
my silent thinking often led me to skip over alternatives for intuitive- 
and invalid reasons. Because of the slowness of^speech, I also 
sometimes found myself thinking of such an alternative while^ still 
explaining the* previous step and then having to decide, whether I 
should mention! the aborted trial or should go on to the ,next step. 
Thus, the very searching involvement of a subject will more .greatly 
affecj his/her : thinking than a superficial questionnaire. Just as 1 a 
wave packet confined to a small region of space has a very uncertain 
momentum, so . the -"mental state" 'or "knowledge" or "understanding" 
which researcfier$ try to characterize becomes, in my judgment, a 
poorly, dgftned construct when it is probed deeply. 

S6," there are limits of research. Hence, there is the need for a 
step between research and development to bridge the many' gaps 
. ttetween the ' particular * subject samples, questions, teaching 
procedures, and other drcumstances of a research investigation 'and 
Vthe" much more diverse situations where the newly-developed educa^ 
ftional- product is expected to be'useful. I shall call that step one of 
r ge^feralizi'ng from research to.*form.,a system of conjectures, or, less 
respectfully/ an ideology. . * 

Look again at the nine items on the list of audience suggestions." 
ftems ,1,, 3, > 7, 8, and 9 refer to certain research results that 
describe observations made by the researchers in their work. As 
they stand, they do not provide explicit guidance for development 6f 
teaching materials. Items 2, 4, 5, and 6*are generalized statements 
/that apply to ^teaching materials and procedures.' ; l would therefore 
v classify thefn as conjectures that go considerably beyoiad, specific 
^research Nresults. Thus, when you think of research and develop- 
ment, you should really think of research that can be generalized 
and can lead to fruitful conjectures fgr development. , Once teaching' 
materials are .developed, further research may clar?ify which aspects 
of the teaching materials make them effective or ineffective. In fact, 
I usually look for multiple conjectures, based on different research 
orientations, that lead to similar guidelines^for activities development. 

Consider-, for .instance, the active learning conjecture (Item 5), 
which, has been the basis for much curriculum development during 
. the last 20 years. In a recejit AETS Yearbook^ (Lawson*, 1979), 
scholars as diverse as Gacjne, K^mii, Case, Lawson, Ausuber, Novak, 
Vargas, ^nd I all advocate active learning for problem solving and 
the formation of other cognitive strategies.- Most of * us also recognize 
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that such a learning program does not have highly .specific predict- 
able outcomes for all learners because the activity cNmension encour^ 
ages individual learners to have somewhat differing, experiences. In 
spite of this remarkable agreement, however, active* learning is not 
common educational practice because it conflicts with many of the 
general public's strong beliefs about the nature of learning. Yet 
active learning has attracted a persistent, though modest, following. 

I will conclude my presentation with 'iouf matters that we must 
consider when we think of bringing about change in educational 
programs"* 

1. Textbooks, teachers, and te*sts form a mutually de- 
pendent system that is hard to modify. Texts are pub- 
lished for teacher acceptance and to enhance test % 
performance; teachers are oriented to using existing 
texts and aim for achievement on tests; and tests are 
geared to the accomplishments -of students using exist- 
* ing te^xts. Developers usually work on textbooks; 

teacher educators work with teachers'*. Not many 
people, I regret, work on novel testing approaches.- 
Yet aN three of these M T's" require attention. 

• 2. Why should the schools teach science and mathematics? 
At the present time, the curriculum includes a little 
' science and a great deal of arithmetic- -math (other v 
than arithmetic) and science are considered frills. 
Mathematics and" science should be taught to prepare 
specialists, increase the^attentive public "for" science, 
and develop reasoning/ inquiry, and problem solving. 

* 3. Consider what some authors have 'called the ecological 
^approach to eaucational research" and educational 
change (Sarason, 1971; Barker, J 968; Bronfenbrenner*, 
1979). The message of this approach is that anyone 
concerned with education or another social, institution 
will benefit by looking beyond the immediate goals and 
circumstances of research. When you observe a high 
school student solving algebra word problems, for 
'distance, keep in mind the various matters competing 
for the student's ^attention: yourself listening for ari 
answer,' possible plans for after-school games, or , 
thoughts of a friend with whom to share lunch. 

4. Science and mathematics teachers are themselves adults, 
who may be attentive or inattentive to science. The 
same holds true for parents . Thus, as J . Easley 
(1981) has pointed out, one generation affects the 
next, and the ways in which we select students to 
become teachers- has an important bearing on what can 
be achieved in science and mathematics education. 
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INTEGRATED RESEARCH, DEVELOPMENT, DISSEMINATION 
"AND PRACTICE IN SCIENCE EDUCATlbN 



Ronald G. Havelock 
Knowledge Transfer Institute 
American University 
Washington, D,C , 



Dr. Ronald Havfelock received his B.A. degree in History 
frorn^ Harvard' University and , his Ph.D. in Social and' 
• Personality Psychology from Boston University. He has* 
devoted 'his career to the study of the process of re- 
search utilization . The 1969 volume on Planning and 
Innovation provided a comprehensive state-of-the-art 
review on research dissemination and utilization, and 
proposed a linkage framework for future studies and 
* analyses. After serving a number of years as Director 
in the Institute Tbr Social Research at the University of 
Michigan, Professor Havelock recently came to the Ameri- 
can University to assume a position on the faculty in the 
Center for Technology and Administration. -He has also* 
established an* institute within the University devoted to 
the study of knowledge' transfer. iHis most recent book, 
entitled Solving Ed8cational Problems , was published by 
Praeger in 1978. It examines the processes of innovation 
and the role of outside agencies in developing countries. 



Let me begin by praising and enthusiastically endorsing the thrust 
of Dr. Tyler's remarks. Let me then take the liberty of slightly 
rephrasing one of his main points thus: there 1 t te a need to develop 
more effective^ linkage between research and teaching in science edu- 
cation. What more effective linkage really means is an extensive, 
interfsivp, and continuing dialogue between researchers and teachers 
in which (1) teacbers Jearn to value^ the "diverse ways in which 
research knowledge and a research-oriented approach to problems 
can be used, and* (2) at the 'same time researchers 'develop a more 
grounded understanding of the situational press of the teacher and 
the- genuine needs of the teacher within the classroom setting. ,lf 
such a dialogue could be achieved on a large scale involving many 
thousands of teacher^ and researchers, there would be a double 
benefft In vastly improved and more relevant research and develop- 
ment on the one hand, and widespread and sophisticated use of the 
research knowledge now- available on the other. What is being asked 
for, is a dynamic^ partnership between teachers and 'researchers. 

Building^ on Dr. Tyler's comnfents, how might we proteed operation- 
ally toward such worthy js^ds? We can look to other sectors of 
educatwn and to other fields for a variety of models or institutional 
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arrangements which at least partially achieve such goals. Looking 
first to a familiar historic model, we have the elaborate sequence of 
interconnections which constituted the ^jgprk of the Physical Science 
Study Committee (PSSC). This was really a major development effort* 
inspired by an academic elite but which genuinely involved the col- 
laboration of high school teachers, university experts, and scholars, 
and it resulted in a very widespread' reform of high school physics 
teaching . ' The model was subsequently copied in many^ respects' in 
the development of other curriculum materials f,or other* subjects. 4 

Yet the PSSC model, I would guess, does not fill the biU for what 
Dr * Tyler is talking about. First of all, it was not a continuing 
process which involved a very large number of teachers in true 
collaboration with experts. Rather, it was a special; project whkh 
had the clear goal of establishing a standard curriculum, not an 
individualized teacher-adapted and student-adapted program. Fur- 
thermore, it tended to be elitist in both conception arid qonsequence 
providing a high quality of - physics education for those who took 
physics but in no way broadening the spectrum of students who 
were either ''likely* to take physics or to be imbued with a better 
understanding and appreciation of the values of science. 

But there are other models. One approach is to leave theVesearch- 
ers alone and to insert new kinds of specialist roles between 
research and practice, roles such as devejoper, demonstrator, 
facilitator, linker, and so^forth. The institutionalization of such roles 
has been a preoccupation of certain offices within- the Department of 
Education over the last decade. Dr. J~yler mentions the regionafedu- 
cational laboratories established under authority of the Elementary 
and Secondary Education Act of 1965/ He notes* "correctly that /tfhey 
have failed to fill the. kind of linking function that is needed, tW-J 
perceive their history rather, differently. 

First, there was never enough financial support for these institu- 
tions to play such a role on a meaningful scale? and/ partly for this 
reason, their mission was' defined more in terms of ^product develop-:, 
ment <£han in terms of dissemination and utilization of research and 
development. There were originally only 20 ctf these labs and later 
the number was cut drastically; thus, each served a very large 
region of several states and marly hundreds of school districts. The 
kinds of practitioner-centered*, hands-on assistance from the 
research side which Dr. Tyler proposes simply could not be per- 
formed within their resource constraints. Therefore-; V think the 
development for diffusion through more depersonalized and ,commef- 
fcial channels made some sense even if it was admittedly less powerful*. 

As we progressed into th$ 1970s, however, it became more and more 
evident that the private sector had little interest in the .active dif- 
fusion of the kinds of products which 'emanated 'from the labs, and 
the labs responded by focusing more and more on establishing their 
own channels to users. They did this in at least two ways. One was 
-to— establish^tT-4nter-^Jab-consontitim -to promote the dissemination* qf 
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lab products and of research and development knowledge in general. 
Usually, this was done through establishing* stronger relationships 
with the state education agencies. Another approach was to identify 
a few key client groups, again, sometimes at the state level, some- 
times in city or county school districts, and^ to work with these 
clients in a much more dialogic way, assessing needs on an ad hoc 
basis and providing a range 'of services and ( technical support 
related to changes that Ivere mutually decided upon and mutually 
developed . This model, which, the National Institute of Education 
(NIE) has dubbed tfre«* u regional services program," seems much 
closer to what Dr. Tyler is , talking about, but, of course, such 
efforts rarely focus on science education. 

I would also li.ke to gall your attention to another federally supported 
initiative which many of you, may already know about, the Nationat 
Diffusion Network. * This program had its origin in Title III of ESEA, 
a section of the law which spawned' literally thousands of locally ini- 
tiated p/ojscts throughout the country on almost every conceivable 
subject related to educational reform or improvement. By the early 
1970s, the Federal Government begat? to turn its attention to the 
problem of how the collective experience arid wisdom deriving - from 
such prajects could be shared nationally. 

The solution which emerged has three critical elements . The first i's 
a screening mechanism, a panel of experts on program evaluation 
which sat as a jury to decide which project could truly show evi- 
dence of desirable outcomes. Approved projects " (there are by now 
well aver 200) were then allowed to compete for funded status as 
"de/eloper/demonstrators." Such funds would enable them to prepare 
dissemination and training materials, go around the country cjgfcting 
awareness, and provide some techical assistance to other di^ricts 
wishing to adopt, the same or a similar program. The third element 
in this, network arrangement ' is the state facilitator, again a funded 
project whose purpose is to spread .awarei^ss of all approved 
developer/demonstrator projects withirY a state. \This .statewide proj- 
ect facilitates access and connection between districts with ,a partic- 
ular interest" and need, and the appropriate demonstration project. 
The model seems to work rather well for diffusing certain types of 
innovations, but whether it encourages the kind of creative an?T col- 
laborative problem-solving which Dr. Tyler has suggested- is pot 
clear. 

We should' be reminded of the very great success in U.S. agric»rtfire 
over the last century in building lip an effective /infrastructure 
which simultaneously serves ' practitioners and builds a lat^e^rci 
sound research and development base. -As a linkage system we could 
say the Cooperative'* Extension^Service is the oldest, most elaborate, 
most expensive (though cooperatively fCinded), and probably the 
most successful ever developed anywhere to serve a large and decen- 
tralized practitioner group. Certainly nothing like it exists in educa- 
tion, medicine, law, or commerce- ■ Regrettably , such a system is not 
Jn-4he-*ca rd s-f op-us-j t-no wr— Ne verth e I ess - , ^there-are-^orrre - p r i rrci p i e s 
from the agricultural experience on whiqh we can- build. 
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First is the notion that the university is a resource which can be 
used in diverse ways to train, coordinate, and provide technical 
expertise. Second is the notion that funding can be cooperative and 
that the university can act as a responsible fiscal agent for such 
cooperation. Third -is the notion that a system of knowledge creation 
and delivery can be . orchestrated to produce very positive results 
for the society as a whole. 

y 

There are, indeed, a few modest prototypes within education whidh 
have some of tlres,e features. For, the last two years we have been 
studying network arrangements which connects schools and teachers 
to one another and to expert knowledge sources thorough the ongoing 
mediation of a university. The oldest of these actlelly dates back to 
1941 when Professor Paul Mort of Teachers College at Columbia 
founded a consortium of rather wealthy school districts in the New 
York metropolitan area . This consortium was dedicated to collabora- 
tive self-improvement through the sharing of innovative practice, the 
rigorous collection and comparison of performance data within a com- 
mon framework, and the utilization of resultant findings. Through) . 
Mort's inspired leadership, this network expanded and thrived over 
a 30-ye f ar period and still exists tod^y in a modified form some 20 
years after his death. Although Mort's special concern was adminis- 
tration and* school finance, he showed what could be done in a col- 
laborative inter-institutional arrangement with a university core. As« 
colleges' and universities tod^y struggle with declining ( 'enrollmenfs, 
they might well- look to the Mart model as a way of redefining their 
mission, increasing their relevance and* utility to practice, and up- 
grading their capacities for truly relevant research and development. 

In closing, I would note with some regret that many of the alterna- 
tive models of linkage which I have cited have not been applied in 
the field of science education, evjen when they have proved rather 
successful for other educational fields. I think Dr. T^ler is urging 
us to * develop' some serious linkage models, perhaps uniquely adapted 
to science education. ln„so doing, we should Jook k>ng and hard at 
the rather rich and, varied experience which has been gained to date < 
in other fields* * 
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The role of twe. national diffus^n network 
in spreading educational innovations 

- . 1 " 

^ * Lee E. Wickline 

U.S. Department of Education- 
' Washington,. DC 20202 



In 1974 Dr. Lee E. Wickline * developed the now well 
known National Diffusion Network, and he serves as its 
Director — rrT the pffice ,Qf Educational Research and 
Development in the <, Department of Education. His pro- 
fessional career has been in education, ranging from 
science 'education, his specialty, to general education 
for refugee^T* bilingual education, and' efforts to keep 
would-be dropouts in school. He has published science 
Source books for both junior high, and elementary school 
teachers as well as other works dealing with educational 
measurement and instruction . He * hol v ds degrees from 
-Concord -College and West Virginia University, and took 
.his doctoral degree in .education at Pennsylvania State 
University. < * 



To capitalize on its muitimillion-dollar investment over the past two 
decades in supporting education research and the discovery and 
development of innovative education processes and products, the 
then "U.S. Office of Education in 1974 created a unique dissemination 
system, the National Diffusion Network (NDN). The NDN dissemi- 
nates information about, and promotes the 'adoption of, exemplary 
programs, projects, and materials which have been judged effective 
by* a panel of evaluation and program experts, the Joint Dissemina- 
tion Review Panel (JDRP). 

The National Diffusion Network differs in several ways from other 
approaches to educational dissemination and change. First, the goal 
of the NDN is *to effect the widespread adoption and implementation 
of innovations validated by the JDRP, as opposed to simply 'dissem- 
inating descriptive information 1 regarding projects \ and ! practices . 

Second, the National Diffusion Network uses two types of change 
agents tn accomplishing this goal. The first type, the developer/ 
demonstrator, is a" change agent who operates a JDRP-approved 
project as* a demonstration and who provides materials, training, and 
'assistance t9 school districts interested ih adopting that project. 
THe othfer type of change.' agent funded by the National Diffusion 
Network is the state facilitator. The state- facilitator; jjp^errtfast to- 
the developer/demonstrator, is a change agent who works within * a 
specific Vegion, in onost cases an erjtire state. State facilitators 
pr&vide a link between develpper/demonstrators and .local schools, 
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They identify potential adopters, establish communication between the 
developer/demonstrator and potential adopters, <r and as^* in 
adoption process. ■ - 



in the 



The Joint Dissemination Review Panel iJDRP) was established by the 
then U.S. Office of Education to examine evidence from education 
projects or products that claim effectiveness in attaining'their goals. 
Any project v or -product approved by the panel is thereby elt^ibje toi§ 
compete^for dissemination funds from the National Diffusion /Network. * 
JDRP review can - benefit a project in • several ways, whether the 
project is finally approved by the panel or not: ^ . 

o Evaluation data 'collected along JDRP guidelines can 

give a project, as well as the panel, effective tools 

for evaluating the program.- 
» >» * 

o The Joint Dissemination Review Panel gives an elec- 
tive view of a project and can offer suggestions for 
improvement in its evaluation. v 

o. Approval by th'a JDRP brings recognition . of a pro- 
0 gram's accomplishments from colleagues'on Ipcal, state, 

regional, and national levels and is an affirmation of 
the professional accomplishments of the • project's 
* developers., Approval also brings positive recogni- 
tion 'from the public for the developing school or 
institution. - 

o " Once reviewed by the JDRP and approved for dis- 
semination, a project is . eligible for entry into the 
National Diffusion Network and, nriay compete for 
dissemination funding. If funtted for. dissemination, 
the program -could be adopted* in many^ schools 
throughout the United States/ or even In other 
countries. 



To be approved by the, JDRP, a program must ,submit reasonable, 
objective, and convincing evidence that it is.caustfhg significant and 
positive changes in the group it affects, and- must demonstrate the 
feasibility of reproducing. the program in other sites. fWhen a project* 
is presented to the JDRP, the following types of questions are likely 
to be asked: - f k 



(1) Has a positive change occurred? What* is y ou ' r evi ~ 
dence of change (for example, changes in test scores, 
improved student behavior or^attitude, cost savings 
to the school, changes in attendance records)! 

(2) Can the change be attributed to your progr.ayr rather 
than to other causes 'such' as normal maturation, reg- 
ular education programs, or other factors? 
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(3) ~'\s the change large enough and observed often enough 

to be statistically significant? ° 

y V • ' 

(4) Is the -change educationally significant? What is ,the 
size of the change, and what is the importance of 
the "area in which change has occurred? Is the cost 
reasonable, considering the magnitude and srea.'of 
change? • - 

* (5) Has the evidence supporting the program's claims * 
been gathered and interpreted correctly? 

(6) Can the program be used in other locations with*com- 
; parable impact? " . * % 

The Federal government is currently funding 139 devejoper/demon- 
strator programs in the National Diffusion Network for the purpose 
of helping schools and- other organizations adopt them. This is in 
addition, of cqurse, to the state facilitators funded -by the NDN in 
all -states and territories but Wyoming and Pudrto.Rico to assist the 
schools in their states that -want to learn about -and adopt NDN 
programs. t AII programs Approved by the Joint Dissemination Review 
Panel are described in- NDN's annual publication entitled Education 
' Programs That Work . This publication is available from Far West 
Laboratory for Educational Research .and Development, 1855 Foteogi 
Street, ^San Francisco, California 94103, for $5.50, prepaid. 

One\ of the National Diffusion Network's biggest accomplishments is 
its record of co'st effectiveness. The Federal government invested 
almost $66 million to develop -124 of the N^N's programs. N Develop-** 
mental funding for those programs ranged from $2,000 to more^than 
$12 million, with a median -cost of $248,642., These programs are 
currently "being installed in adopting school districts through the 
NDN at a cost to the Federal government of approximately $4,000- 
$5,000 each. The amount a schopl "district needs to adqpt an NDN 
program for one of its schools ranges from $1 to $4,335 per pupil. 
The higher figure' reflects the cost of certain programs for the 
severely handicapped. The median ' 'per pupil cost for schools, to 
adopt NDN programs in 19^-80 was *$12:*Qgr!ng school year' T979-80, 
a total of 11,069 schools adopted developer/demonstrator programs 
funded by the National Diffusion Netwfcrk. 

Basic skills and early childhood education are currently the focus of 
more than one-half of the developer/demonstrator . progranls available 
for adoption. The National Diffusion Network, however, is also 
firmly committed to the needf to disseminate programs in tfie areas of 
science, social , studies, and environmental educatio/i. The NDN 'cur- 
rently funds 10 programs m those "areas arid is constantly seeking 
new, innovative, effective science programs- to present to the. Joint 
Dissemination Review Panel for validation. Professionals in the field 
of science and <those familiar with .educational programs in the area 
? t 0 
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of science can facilitate the NDN's efforf to identify more successful 
programs by disseminating, information about the NDN to their C0I7 
leagues and -by bringing to our attention the frames of individuals 
•and agencies that have exemplary programs in operation. 

Among .the, science', math/ social studies, and environmental education 
programs represented in the National diffusion Network is the Indi- 
vidualized Science Instructional System ^Dissemination Project (ISIS). 
ISIS is an interdisciplinary, modular science program preparing stu- 
dents who do not plan ,to major in p^stsecondary science to under>- 
stand practical, real-world, science-related problems. . 

Th.e ISIS program consists of 52 short, independent minicourses, 34 
of which currently! have JDRP approval. The courses cover a broad 
range of topics of "practical* significance and are intended to, help 
students meet the' diverse needs of today's world. Since the mini- 
courses are independent^ they can be, used separately or grouped to 
form year-long courses -representing t}he. traditional science areas of 

^ life science, general science, * chemistry , and physics or to form, a 

multidisciplinary course. Individual minicourses cover topics related 

\ to health, physical education, ecology, and social science, as well'as 

the traditional science areas. * 

E^ch minicourse, its accompanying test items, and all ancillary mate- ■ 
: rials were reviewed for their science content at every stage of devel- 

opment and testing by at least two scholars considered to be experts 
in the content discipline. The materials ' were also reviewed by a 
panel from the National ' Congress of Parents and Teachers, who 
^ * judged them for bias and appropriate treatment of sensitive issues. 

\ The ISIS program, which was originally developed with funding from 
J the National Science Foundation and was validated by the Joint Qis- 
\ semination Review Panel on 7\pril 17, 1979, was successful in secur- 

ing 96 adoptions during the 1979-80 school year. 

Another science program funded by the National Diffusion Network 
is Prpject l-OE ( I nstraction-purricul urn- Environment) which offers 
a total kindergartep-through-12th-grade curriculum and instruction 
% package for environmental education. Its primary goal is to^ lead 
students directly or subtly to awareness, appreciation, recognition, 
and action regarding the vital, issues,, concerns, and factors shaping 
environmental attitudes and values. 1 „ 

Twelve major environmental* concept categories provide a framework 
*for the program, as well as for each grade level 'and subject *rea. 
The entire* program Is neither scientifically nor technically orierrted, 
but is based on the assumption that all 'teachers tan and should 
teach environmental concepts and vthat all disciplines (subject areas) 
must bemused -to reinforce environmental learning. 
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# ' Throagh, the use of a 4 supplementary eoisode design, the learning 
activities may be integrated Into traditwrja' courses of study by 
substitutjpn of content or activity; hence the program does not make 
additional instructional demands on teachers. Project -H-C-E, which 
was validated by, the Joint Dissemination Review Panel -on May 14, 
1975, was originally developed with USED ES€A Title III funding. 
During^ the 1979-80 school year, Project I -C-E was successful in 
achieving .119 new adoptions. 

Qhe final example of a science-related^ project funded by the National 
Diffusion Network is the Comprehensive School Mathematics Program 
which was developed with ESEA Titles Ml and ^IV funding, as well as 
funding from the National Institute of Education. OSMP, as the pro- 
gram is commonly known, was validated by JDRP on March 17, 1978. 

CSMP is an exciting*, complete elementary -level mathematics cur- 
riculum from basics to problem sofving for students of ali ability 
levels. .An underlying assumption of the CSMP curriculum is that 
children can learn--and ' can enjoy learning—much more math than 
they do now. Unlike most modern programs, the content is pre- 
sented not as an 'artificial structure external to the experience of 
children, but rather as an extension of experiences children have 
encountered in their development both at the reaHife and fantasy 
levels. Osing a pedagogy of situations, children a)re led through 
sequences of problem-solving experiences m presented' in game-like 
and story settings. It is CSMP's strong conviction othat mathematics 
is a unified whole and should be learned fes sugW/XCopsequently , 
the content is completely sequenced in spiral form^^Jbhat each stu- 
. dent is brought , continuously into contact with eafc jafefia &a - °f content 
throughout the program/ while building interlockit ^^jft perlences of 
increasing 1 sophistication as the situations become cftamBjmng . A fea- 
ture unique to CSMP is the. use of three nonverbal I^J^jages which 
give children immediate access to mathematical ideas/ arid methods 
necessary not only for* solving problems, but also for continually 
expanding their understanding of the mathematical concepts them- 
selves. The CSMP program was adopted in 32 sites during school 
year 1979-80. • ' 

/ The programs described herein are representative of the ten ^stfiencg- 
related and eight mathematics programs currently fundea for dis- 
semination by the National Diffusion Network. It is our^srmcere inten- 
tion to actively seek new programs in these areas and to facilitate 
their validation by the Joint dissemination Review Panel in order that 
they might compete for dissemination funding. 

To secure further information, nominate a program for validation, 
or obtain technical 'assistance from' the National Diffusion Network^ 
please contact me, Dr. Lee Wickline, Room 802, Riviere Building, 
1832 M Street, N.W., Washington, .DC 20036, telephone (202) 
653-7000. You may also refer^o^tje -attached list of NDN State 
^Facilitators and contact ^the appropriate state or regional, facilitator { 
directly. 
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State Facilitators 



N§tional Diffusion ;Network 
1910-81 ! ' 



ALABAMA 

R. Meade Guy - ^ 

Alabama facilitator Project ' 
Alabama Information apd 

Development System^ ( Al DS) 
Alabama Department of Education 
Room 1 347, State Office Building 
Montgomery, AL 36130 
(205) 832-3138 * - . 

ALASKA ' ; 

J. Kelly Tonsmeire 1 

Alaska 'State Facilitator Project . 

* Alaska Department of Education 
Pouch' F, State Office Building, 
Juneau, AK 99811 

(907) 465-2814 or 2815' * 

ARjZON'A 

Lv Leon Webb - " „ 

Arizona State Facilitator - * 

Educational Diffusion Systems, Inc. 
161 East First Street 
Mesa, AZ 85201 
' (602) 969M880 

ARKANSAS s^y/ 
EmuR. Mackey m 

• Arkansas State Facilitatpr Project 
Arkansas Department of Education. 
Communication and Dissemination 

Division >• * 
- State Capitol Mall ^ • - • 

Little Rock,$AR 72201 
(501) 370-5038. - ; r s ' i . 

Regional Facilitators * 
Mary B'. Gunter 

Arkansas State- Facilitator; Project 
Region 1 \ 4 

*Bt>ston Mount Cooperation 
P.O. - Drawer 248 
Prairie Grove, .AR 72753 ; 
\ (501) 846-2206 m * 



Ora Stevercs 

Arkansas State Facilitator Project' 

Region II : 

Marianna School District 

P.O. Box 309 , 0 

Marianna, AR 72360 

(5bl) 295-5291 

C/^LIFORIHIA- 

Ira Barkman or Gihfea Lurton 
"California State Facilitator 
State Department of Education 
Exemplary Program Replication 
Upit 

72f1 Capitol Mall 
Sa'cramento, CA 95814 « 
(916) 322-6797 

COLORADO t 
Diiane C. Webb 
Colorado State Facilitator 
,830 South Lincoln 
Longmont, CO 80501 
(303) 772-4420 or 442-2197* 

CONNECTICUT 
« .Carolyn McNally ■ x 

Connecticut Facilitator Project j 
Ariea Cooperative- Educational^ 

•Service 
800 Dixwell Avenue <, 
-New Haven, C(T 065TI 
(203) 562-9p67> 

DELAWARE ; * 

Peter Bachmann or Wilmer Wise 
Delaware Facilitator Project 

* Planning, Research & "Evaluation 
Division ' . 

State Department of Public , 

Instruction * 9 0 * - 
John G. Tovynsend Building' 
P.O. Box 1402 • ~ + 

Dojver; DE 19901 

^(302) 736-4583 
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DISTRICT OF COLUMBIA 

Susan Williams 

District Facilitator Project 

Jackson School 

31st and R Streets j*NW J 

Washington, DC 2G007 

(202) 544-5822 or 298-9030 

FLORIDA ' 
G. Michael Kuhn 
State Facilitator for the 
g Department of Education 
Knott! Building 
Tallahassee,* FL 32301 
(904) 487-1078 

GEORGIA J 
Indiai Lynn King or Mary Allison 
Georgia Facilitator 'Center 
226 Fain Hall 
University of Georgia 
Athens, GA 30602 
(404) 542-3332 



HAWAII 
Kellett'Min 
' Hawaii State Facilitator 
, Hawaii State Department 

of Educa^em 
. P. a. Box 2360 
. : Honolulu? HI 96804 *« ' 
(808) 548-3425 

I.DAHO - 0 ■ 

Ted *L. ,Lindley _ 
Icjaho State Facilitator 
Idaho State Department of* 
Education 

• Len B. Jordan Office Building 
Boise, ID 83720 

. J 208) 334-2189 

ILLINOIS . , 
Shirley JVl. Menerldez 
Illinois Statewide Facilitator 
1.105. East -Fifth Street 
Metropolis, IL 62960 
* (618) 524-2664 • ' 



INDIANA . . 

Ted F." Newell - 
Indiana Facilitator Gehter 
Logansport Community . 

School Corp. 
2829 George Street 
Logansport/, IN 46947 
(219) 722-1754 

IOWA — 

David C. LidstrSm 

Iowa State Facilitator' 
J owaj Department- of Pu^Hc 
Instruction 

Grimes^ State Office 'Building . 

Des Moines, I A 50319 r 
"(515) 281-3111 - . 1 

KANSAS 

James H. Connett> 

Kansas State Facilitator Project 

KEDDS/L4NK & 

1847 N. Chautauqua 

Wichita, KS 67214 

(316) 685-0271 

KENTUCKY 
John C. Padgett 
Kentucky State- Facilitator 
State Department of Education 
Capitol Plaza Tower Office * 

Building 
Frankfort, 'KY. 40601 " 
. (502) 564-4394 

LOUISIANA ' ,- ' 1 
•'James R. 6wens", Jr. • ' 
The Louisiana Facilitator Project 
Louisiana State Department of 

Education 
ESEA Title IV Bureau Office " 
P.ol Box 44064 
Baton Rouge, LA 7O804 
(504) 342-3375 

MAINE 

Robert G. Shafto 
Maine Facilitator Center 
P.O. Box 1391 
Gardiner, ME - 04345 
(207) 582-7211 or 7212 
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» MARYLAND 

Raymond H. Hartjen 
. Maryland Facilitator Project/ 
•* Educational Alternative, Inc. 

^.0. Box 265 % 
'•Port. Tobacco, MO. 20677 

(301) 534-2992 

• MASSACHUSETTS 
John Collins 

Massachusetts State -Facilitator 
The NETWORK,' Inc. 
290 South Main Street '« 

• Andover, MA 01810 
.(617) 470-1080 • 

, MICHIGAN . 

Deborah Clemmons 
*'* Michigan State Facilitator 
-* Michigan Department of Education 
P.O; Box 30008 
Lansing, Ml" 48909 
(516) 373-1806 



Regional Supplemental Centers 
WiUram Banach 

( Educational and Management 
;-\lmp x rovement Center 
4400* Garfield Road 
tot-- Clemens, Ml 48043" 
(31,3) 286-8800 _ . 

9 

Ron Berg _ 
Chiboygan-Otsego-P*e$qug Isle ISD 
Basic. Regional Supplemental Center 
•6065 Learning Lane 
Indiana Riv.er, .Ml 49749 
(616)' 238-9394 

Richard D. Anderle - * 
Kent Intermediate School District 
Region -8 Supplemental Center 
2650' East fieltline, SE 

•Grand Rapids, f,MI 49506 • 

' (616) 957-0250 > 

Roy Butz * 

Oakland Intermediate School " District 
2100 Pontiac Lake Road 
ROntiat/^MI 48054 
(313) 858rf940 



Gerry Geik 

Kalamazoo Valley Intermediate 

School District 
Region 12 Supplemental Center 
1819 E. Milham Road 
Kalamazoo, Ml 49002 
(616) 381-4620 ext. 247 

Bobbie Ann Robinson 
Saginaw Intermediate School 

District 
MERC (Mid-Eastern Regional 

Consortium) 
6235 Gratiot Road 
Saginaw, Ml 48603 
(517) 799-9071 

Pdtky Friend 

Marquette-Alger Intermediate 
v SdhodjDistrict 
427 W/ do I lege Avenue 
Marqdettfe, Ml 49855 c 
C906) 22&-9400 

Olga Moir * 9 

Wayne County Intermediate 

School District 
Project VALUE ' 
33500 Van Born Road - x 
Wayne*, Ml 48184 
(313) 326-9300 
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Shirley Rappaport 
Bay-Arenac Intermediate School 
District 

Region 6 Supplemental Center 

4228 Two Mile 'Road 

Bay City, Ml 48706 

(517) 686^4410 * * ' 

Sylvia Ruscett * 
Ottawa Intermediate School. 
- District ' 

'13565 Port Sheldon Road 
Holland, 'Ml 49423 
(616) 399-6940 ext. 359' 

MINNESOTA 

Gene Johnson or James Christianson 
Northern^and Central, Minnesota 

State Facilitator Project , • 

Educational' Cooperative Serviqe y 
, Unit 5 
102 N.E. -Sixth Street 
Staples, MiN' 5647Sh 
(218) 894-1 93^ 
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Diane Lassman 

Southeast Minnesota Facilitator 

Project . 
Th& EXCHANGE 
166'Peik Hall 
University of ^Minnesota, ' 
Minneapolis, MN 55455 
(612) 376-5297 

! 

Richard L, Peterson 
State Facilitator Project 
ESCU Office 

Southwest State University 
Marshall) MN 56258 
(507) 537-1481 - 

MISSISSIPPI 

Jerome P. Brock 

Mississippi Facilitator Project 

Bankers Trust Plaza Building " 

Suite 1112 
P.O. Box 1801 
Jackson, MS 39205 
(601) 948-1210 

MISSOURI 
4 Jolene Schulz, Director 

Missouri State Facilitator Center 
310 North Providence Road 
Columbia, MO 65201 
(314) 443-25&1 ext. 218/238 
or 449-8622 • 

MONTANA 

William t. Connett or 
Wayne Pyron 

Montana St^te Facilitator Project 

Office of Public Instruction 

State Capitol 
, Helena, MT* 59601 
' (406) 449-3693 

« 

Regional Facilitators 
Cliff Harmala 

* 

Montana Regional Facilitator .. , 
.1011 N. River .Avenue 
Glendive, MT 59240 
"(406)' 365-4422 or 449-5643 t 

- Jim Palmer 

Montana Regional facilitator 
P.O. Box 3836 
MissoW/ MT 59806 
. (406) 251-4923 



Jim Watkins 
• Montana Regional Facilitat6r 
1325 Fourth Avenue North 
Great Falls, WL 59401 
(406) 761-4144^ 
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NEBRASKA 

Mary Lou Palmer' 

Nebraska State Facilitator Project . 

Nebraska State Department of 

Education 
301 Centennial, Mall 
P.O. Box 94987 « 
Lincoln, ,NE 68509 
(402) 471-2637 

NEVADA 
Victor Hyden 

Nevada State Facilitator' Project 1 
Nevada Department of Education 
400 West King Street. 
Capitol Complex 
Carson City, NV 89710 
.(702) 885-5700 

NEW HAMPSHIRE 
Jared Shady . *v 

•New Hamsphire Facilitator Center 
80 South Main Street - 
Concord-, NH 03301 
(603) 224-9461 ' ; 

NEW JERSEY . ' 

Joseph ficogna 
' New Jersey State Facilitator 

^Project 
Title IV Director 
New Jersey State Department 

of Education - ? 
225 West State Street 
Trenton, NJ 08625 
v (609) 292-5792 or 8736 

NEW MEXICO . - ' 
Amy Atkins, Director, or 
Susan 'farter,* Assistant Director 
DEEP: diffusing Exemplary Edu- 
cational Practices in New Mexico 
Depanfment of -Edu^gfci'onal 

Foundations 
College of Education, 
University of New Mexico " 
Albuquerque* -NM 87131 
(505) 277-5204 * 
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NEW YORK 

Samuel CorsipJj^. 

New York State Facilitator Project 

Office of Federal* Demonstration 

Programs 
Room 860 

Educational Building Annex 
New York State Education 

Department 
Albany, NY 12188 
"(518) .474-1280 

.Regional Facilitators 
John T . Donovan 
OEP Representative 
4f0 East Willow Street 
Syracuse, NY 13203 
(315) 425-4284 

Grace Fairlie 

Supervisor of Curriculum Development 
756 St. Lawrence Avenue 
Buffalo, NY 14216 
(716) 833-5865 

Evelyn Jones 
Office of Special Projects 
347 Baltic Street 
Brooklyn, NY 11201 
(212) 624-2273 

Eleanor Peck 
Program Analyst 
'City School District 
Office of Urban Funded' Programs 
131 West Broad Street 
Rochester, NY' 14608 
(716) 325-4560 

Robert Rclub 
Madison-Oneida BOCES 
Spring Road 
Verona, NY 13478 
(315) 363-8000 . , 

Richard Solomon 
555 Warreri Road ' 
Ithaca) NY. 14850 
(607) 257-1555 



Arthur Sullivan 
Suffolk County BOCES III 
507 Deer Park Road « 
Dix Hills, NY 11746 
,(516) 549-4900 - 

Frank Thompson 
Project Director 
ECOS Training Institute . 
Box 369 

Yorktown Heights, NY 10598 
(914)Nft45-6919 

Charles Weed 
Regional Planning Center 
1015 Watervliet-Shaker Road \ 
-Albany, NY 12205 \ 
(518) 456-9281 

NORTH CAROLINA 
Henry A. Helms, Jr. 
Division of Development 
North Carolina Department of 

Public Instruction 
Education Annex No. 1 
Raleigh, NC 27611 - * ^ 
(919) 7.33-7018 1 

Regional Facilitators 
Glen Arrants 

North Carolina Facilitator Center 
Paton School „ " 
102 OI4 Clyde Road 
Canton, NC 28716 
(704) 6W8-6960 ext. 31 ' 

Richard Barnes 

North Central Regional Education 

Center 
P.O. Box 21889 ' . 

Greensboro, NC 27402 
(919) .379-5764 

Maxine Brown 

Nbrtheast Regional Education 

Center 
Box 1028 * 
Williamston, NC 27892 
(919) 792-5166 




Rebert R. Byrd , • ' < 
North Carolina Facilitator Service 
. Southwest Site 

" 619 Wall Street • % 
Albemarle, N.C 28001 1 
(704 ) 983-,2fl27 t ; 

Brenda DaH 

Central Regional Education Center 
Box- 549 - ' 
Knight'dale, NC 27545 
^(-919) 266-9282 " ' 

Josephine Sp^uld-ing* 

South Central Regional Center, - 

P.O. Box 786 . 

Carthage, NC 28327 

(919) 947-5871 

Joe Webb % < , 

Southeast Regional Facilitator Service 
Education Center, Room 200 v 
612 'College Street ' - ) 
Jacksonville, NC 28540 • " - & 
(919) 455-8100 , 

James Si neon , * 

Northwest Regional Center 
303 "E" Street . • 
North Wilkesboro, NC 28659 
(919) 667-2191 ' 

NORTH DAKOTA 

Hank Landeis ^' 
North-Dakota State Facilitator 
Department of Public Instruction 
State Capitol 

. Bismarck, f ND** 58505' 

• (701) 224-2293 , . - 

OHIO - , ' 

Gordon Beftm % 
Ohio Facilitation Center 
The Ohio Department of Education- 
. Division of Planning and Evaluation 
65 South Front Street, Room 804 
Columbus, OH 43215 
'(614) 466-3825 

'OKLAHOMA- 
% " Kenneth Smith 

Oklahoma Statewide Facilitator Project 
Edmond Public Schools 
- 1.216 Soutfv Rankin . 
* Edmond, OK« 73034 ' * 
(405) 341-2246 * 



OREGON 
Dick Pedee 

Oregon State Facilitator . % 
IVIultnomah Coynty Education Service 

'District 1 * r * 
2Z0 S. E. 102nd Avenue 
Portland, OR 97216 ' . * 

(503) 254-9925 

PENNSYLVANIA 

Richard Brickley or Carojyn Trohoski 

R . I ,S. E. --Pennsylvania State Facilita v to 

198 Allendale Road* 

King of Prussia,* PA 19406 

(215) 265-6056 

RHODE ISLAND 

George McDonough 

State Facilitator Center--R . I. S . F . C . 

CIC Building 

235 Promenade Street 

Providence, Rl 02908 

(401") 277-3840 or. 3841 

SOUTh/ CAROLINA 
James R. BucknervOr 

Sharoa Ray ^ k 
"South Carolina Facilitator Project ; , 
South Carolina State * \ 

Department of Education 
Office of Federal Programs 
1429 Senate Street ^ - 

Columbia, -SC 29201 
(803) 758-3526 

SOUTH DAKOTA 
Gene. K . Dickson 
South Dakota State Facilitator 
South Dakota Division of 
Elementary and Secondary 

Educatjpn 
Richard F. Kneip Building 
Pierre, SD 57501 . < v 

(60'5)-773-3395 # . 

TENNESSEE 

Martin McConnell or 

Charles M. Achilles 
Tennessee Statewide Facilitator 

Project, (TSF) 
College of Education/'BERS 
2046 Terrace Avenue 
University of Tennessee 
Knoxville, TN * 37916, 
(615) 974-4165 or 2272 



TEXAS (cont.) 
William Scanell - 
Texas Education Agency 
201 Bast 11th Street 
Austin, TX 78701 
(512) 475-5601 

Robert Reeves 

Region I Education Service Center 

Diffusion Project 
1900 West Schunior 
Edinburg, TX 78539 * • 

(512) 383-5611 

Madalyn Cooke 

Region II Education Service Center 
209 North Water 
. Corpus -Christi, TX 78401' 0 
(512) 883-9288 

Bill Powell 

Region III Education Service Center 
1905 Leary " Lane 
Victoria, TX 77901 < 
(512) 575-1471 * ' 

Charlie Henderson 

Region IV Education Service Center 

P.O. Box 863 

Houston, JX 77001 

(713) 868-1051 

Edith Peacock 

Region V Education Service Center 
2295 Delaware" Street 
^Beaumont, TX 77703 
(713) 835-5212 

t 

Eyerett Youngblood 
Region VI Education Service Center 
3332 Montgomery Road 
' Huntsville, TX J7340 : * 
(713)' 295-9161 / 

Mike Owens, 

Region VII Education Service Center 
P.O. Drawer 1622 y- . 
Kilgore^TX ?5662" , 
(214) 984-3071 



Leroy Hendricl^ 
Region VIII Education Service 
Center . • 

100 -North Riddle Street 
Mt. Pleasant, TX 75'455 
(214) 572-6676 

Art Phillips 

Region IX Education Service 

• Center 
301 Loop 11 

Wichita Falls, T)f 76305 
(817) 322-6928 

State Facilitator 
Region X Education Service 
Center 

400 East Spring Valley- Road 
P.O. Box 1300 - 
Richardson, TX 75080 
(214) 231-6301 

Mary F. Hull • , . ' 
Region XI Education Service 

• Center 

3001 North Freeway 
Fort Worth,' TX 76106 
(817) 625-5311 

Rosemary Richardse 
Region XII Education Service 
Center , - 

401 Franklin ' 
Waco, TX 76703 
{817) 756-7494 

Carrie Heim 

Region XIII Education Service 

Center 
7703 North Lamar 
Austin, TX 78752 
(512) 458-9131 

Robert- E. Maniss 

Region XIV Education Service 

Center 
P.O.' Box 3258 

Abilene, TX 79604" * ' 

(915) 677-2911 . 
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Nancy Lowe 

Region XV Education Service 

Center 
P.O. Box 5199 
San Angelo, TX 76902" • 
(915) 655-6551 

Jack Shelton . 
Region XVI Education Service 

Center 
1601 South Cleveland 
P.O. BOX 30600 
Amarillo, TX 79120 
(806) 376-5521 

Travis B-rown 

Region XVIJ Education Service 

Center ' , 
4000 22nd Place 
Lubbock, TX 79410 
(#06) 763-4127 

Bifll Whitfield • 

Region XVMI Education 5 Service 
15 Center . ' . % ' 

P.O. Box 6020 u ' , 

Midland-, TX 79701 
(915) 563-2380 

State FacMitator , 
Region XIX Education Service 

Center 
P.O. Box 10716 
El Paso, TX 79997 
(915) 779-3737 , ' • 

Betty Child 

Region' XX Education Service 

Center 
1550 N.E. Loop 410 
San Antonio, TX 78209 
(512) 828r3551 

UTAH 

Kenneth P. Lindsay 

Utah State Facilitator Project 

Utah State Office "of Education N 

250 Bast Fifth South 

Salt Lake City, UT 34111 

(801) 533-5431 



•VERMONT 
Joseph M. O'Brien'' 
Vermont State Facilitator 
Bennington-Rutland Supervisory Union 
Manchester Center, VT 05255 

(802) 362-2452, 

VIRGINIA 

J.B. Linder, Jr., or Robert Foster 
Virginia State Facilitator 
Educational Services, -Inc. 
P.O. Box 562 
Richmond, VA" 23204 

(803) 536-5932 or (804) 732-3584 

WASHINGTON 
- Keith Wright 
Washington State Facilitator 
Yakima Public Schools 
104 North Fourth Avenue 
Yakima, WA ,98902 
(509) 575-3234 

« 

WEST VIRGINIA 
.KePiny J. Smith 
West Virginia State Facilitator 
P.O. Box 1907 • „ 
El kins, WV 26241 
(304) 636-6918 . 

WISCONSIN 
George R. Glasrud' 
Wisconsin State Facilitator 
Department of Public Instruction 
Instructional Services Division 
125 South Webster. 
Madison, Wl 53702 

VIRGIN ISLANDS 
Phyllis Betz 

Virgin Islands State .Facilitator 
, Virgin Islands Department of Education* 

P.O. Box 630 

St. 'Thomas, VI 00801 
• (809) 774-080? 



HOW THE SLOAN FOUNDATION'S SC I ENCE^EDUC ATtON PROGRAMS 
A*RE CREATED, MANAGED, AND MONITORED ' 



Kenneth A. Klivington 
Alfred P. Sloan Foundation " 
New York, New York 10111 



As Program Officer ahd ^Administrator of the Alfred P. 
Sloan Foundation^ Research Fellowships, Dr. Kenneth A. 
Klivington is deeply involved in scientific affairs. His 
experience in science, as opposed to his present admin- i 
istrative connection, has been principally in neurophysio- 
logy, psychology, and- information and control, "*bGt has'. 

• also included the use of computers' in architecture §nd 
urban planning, and, as a research engineer,^ ^ radar 
interferometry , laser optics and infrared telescope 
design. He holds the B.Sc. degree from* M. I .T,» ; his 

, master's from Columbia' University, and the Ph.D* from' * 
Yale University in engineering and applied science. 

• #% ^ * 

When asked to make a presentation of this sort, k find, °as Vvn sure 
everyone doeV7"tfiat^yn55!x world cFfang es . The" su5^ 

ject begins to ferment subconciously and alters thffe way I think 
abdut things.. So with the invitation to tell this group something 
useful and interesting about the Sloan Foundation, science education 
began to bubble in the back of my mind. 

Prior to the invitation, I had read the December ?7 issue of' the 
British news .magazine, The Economist , which contained an article 
about seven men who had* contributed the most fruitful ideas in sci- 
ence cfhd technology since the war. Among the men and disaoveries 
were James Watson with Divj A and -William Shockley with the transis- 
tor. 1 After the invitation had set the science educatio'n stew bubbling 
on the back burner of my mind, % something floated to the surface'.. It 
was the interesting fact 'that more than one of these- mien recalled 
nearly blowing himself to pieces while fooling with v ^ chemistry set«as 
a child. Now I, too, recall 'dorng the same sort of thing^when v I was 
about 10 years old. That doesn't put me iin the same league by any 
means, but it did make me reflect 3 bit on what gets young people 
involve^- in science. ^ %m 

I bought my son $ chemistry set a few years ago when he was 50. It 
had been a long time since I looked inside the cover of a kid-'s. clfem- 
istry set. I was 'shocked. Virtually all of .the "interesting 11 chemicals 
had been expurgated. It was, in fact, quite impossible for 'my .soli to 
blow up anything. The most dangerous ingredient in that chemistry 
set was a candle. So after making some ammonium chloride smgke and 
^changing the* colors of a few solutions, he put the cover baqjk on -the 
chemistry set and it now gathers dust on the shelf. . 
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I suppose J should be grateful that my son has been prevented' from 
blowing himself up by regulations that cover the contents of chem- 
istry "sets for kids. Yes, of course it r s still too early to tell whether 
my son will become a scientist or a fireman. T^ere are certainly more 
factors than, chemistry sets that, affect that decision. But all the 
same, I" wonder how many other factors ia addition to chemistry sets 
'have been regulated out Qf the' equation. I don'Umean to imply tftat 
chemistry sets should not .be regulated, nor that there should be no 
goverriment , regulations at all. yVhat I do want to point out- is that we 
are only* beginning to uf)cover some of. the* hidden costs^of regulation. 
Tho§e of u* concerned with science education should nbt oyerlook 
those subtle effects. ' * * 

The Alfred P. t Sloan Foundation , • 

Regulation is "indeed one of the concerns of the Sloan Foundation, 

which recently funded ^_§tudy of the effects of Federal regulation on 

"-higher education.* It is not, however, the concern at the top of my 

agenda today. To introduce thaj agenda, *l expect it ,woald be useful 

for me to give a' brief introduction to the Sloan Foundation so you'll 

have some idea of the context for the other thiggS" I want to talk 

abautf. t . . 

v 

i Alfred P, Sfoan r 'Jr . ? * was, a major figure in the automobile i'ndustr;, 
It was he, in f?tt, who put a small manufacturing company on 
map. »«You know today as General Motors. So in an indirect Way, 
the Sloan Foundation is the General Motors foundation* Apart tVom 
the existence of General Motors,, perhaps the most profound effecftof 
Mr. .Sloan's years .as its head, is the custom of changing car models 
annually. ^ 

In T934 Mr. Sloan created a charitable foundation inifcndeci to, foster 
educatiqn/ in economics., Its major activity' at the time was support .of 
movies, radio programs, and pamphlets to educate the public; about 
the private enterprise, systepi. Technology slowly crept' into the pic- 
fure, largely through . support for various activities at Mr. Sloan's 
alma mater, t\%e Massachusetts Institute ©f Technology. By the 1950s,,* 
Mr. Sloan became persuaded, along with a great many oth^r influ- 
ential people, that support for the scientific' underpinnings of tefch- 
nology, was essential for th§>. good of the cbuntry. Oj3<jthe recommen- 
dation of a special advisory group of scientists/ *a > hew program 
designed to support basic research was initiated *by the Foundation'. 
It providecL flexible research support to especially prorrfifcing young 
scientists in the fields of physics, chemistry ,* arid mathematics. That 
program is generally Acknowledged to be one 4 of the Foundation's 
most** successful activitfes.^ It continues today and^ has been 
broadened to include neuroscience, economics/ 'and applied mathe- 
matics, • # , % 

* A Program for. Renewed Partnership: The Report of tTie .Slo'an 
Cdmmission on Government and higher Education . Bal.linger, •# 
Cambridge, MA, 1980 . I ' 
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By 1980, science accounted for about one-thnrd of the Foundation's 
regular grant expenditures of roughly $15 milfion per year % Of that, 
$1.75 millron was in fellowships for basic research and over $3 million 
for- research"1md training in cognitive science, a program hJJI discuss 
in some detail later. The remainder went for support of miscellaneous 
programs and projects in science. • 

For the record, . other Foundatipn activities include support of 
reseerch^ and higher education in economics, technology, and adminis- 
tration, f ^ . * * 

The College Science Program m 

Focusing now on the- theme of creating, managing, and monitoring 
science education programs, I'll first discuss a program that the 
Foundation created back in the 1960s to help Improve science educa-, 
tion in private libera) arts colleges. Although most of this is history, > 
that very aspect offers the advantage "of being able to follow the 
development of a program over yan extended period of time. The 
"procedures followed in^ that development remain typical of - the way^ 
the Foundation- operates today. As you'll see, too, many of the' p rob-" 
terns the program was designed to-address* have returned to haunt us 
again today. 

Back In 1962, the Foundation received a proposal* from a leading 
* undergraduate institution with a remarkable record of producing 
"graduates who went on to emineace in various fields of science. But 

a .threat of. unknown proportions menaced/ the college's reputation. 

The cost of research had risen beyond thfe means of such institu- 
tions. If faculty , research could not be supported,, the college could 

not, keep its outstanding science faculty. The implications for science 

education we^e clear, so the administration called for help.. 
♦ \ 

Now and then it happens that a* proposal which comes unsolicited 
through the door of the Foundation carries implications far broader 
th^n the Immediate problems of the supptiant. In this case, it '"was 
clear to the staff of the foundatiomthat if this particular liberal arts 
college was *in trouble in its science education program, others were 
probably in deeper trouble. Was^there a real threat that* the liberal 
arts colleges Wtiuld cease to be a 'source of graduate students for 
major university* science departments? What are the implications of 
having only university college* as the source of graduate students 
4n" science? Thie\jiberal, arts colleges attract a different sort of stu- 
dent from those, at the ^university colleges-. Would 'loss of the liberal 
arts students to science in some undefinable way impoverish pure 
research? 

All of these question *and issues % became the subject of intense staff, 
discussion during 1963. By mid : year, it was decided that in prin- 
ciple Jhe Foundation would provide some' sort of support td* a select 
group of liberal arts, college^ science*programs, bujt the broad pur- 
pose of the progranrj remained a subject of dispute.^The choice was 
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between two alternate approaches, ^n one hand the Foundation might 
try to .sustain or possibly augment the^flpw of able young%pen and 
women from liberal arts colleges into the graduate science depart- 
ments of major universities. T+ie alternative was to attempt to help 
maintain and improve the quality" of scifencte education in liberal arts 
colleges for both scientists and -non-sciepti,sts alike. 

The first approach implied^Tftat only those institutions^ which were 
already strong in science would be targeted for support. If the pur- 
*pose were to improve science education^ in liberal arts colleges as a 
whole, institutions weak fri science but strong overall might also be 
reasonable candidates for support. Taking the first path* would mean 
making a small number of relatively larqe grants, the.seJfcd a some- 
what larger number of small grants. • 0 ' 1m 

In the end, the Foundation opted to have the* best of both worlds. 
The objectives of the program* formulated in 1966 were (1) to ensure 
a continuing supply of science graduate students from the liberal 
arts colleges; (2) to improve the quality of secondary school science 
teachers, traditionally the products of liberal arts colleges; and 
. (3) to promote s.cientifiG literacy afhong non-science majors^ Assist- 
ance wgs to be primarily .for -needs unique to liberal arts colleges. 
*(irst fin thre list Was the capacjty to' attract and retain bright young 
Science* faculty,, so faculty^ development, including research support, 
fead^ top, .prio/jty . Spme T*und^ were intended for . equipment and 
facilitres/^^^oyndatfon a\So §ncoyra£ed collaboration with univer- 
sities, to augmentHthe -cglle'gos 1 Science Resources. 

'The College Scieace ''fcfograrrr Raised a "*c6mmon problem for foun- 
dations. It is clear tKat th6^1oW- .Foundation aione cannot possibly 
help every eligible institution Wnat tt^staff peoplejjiust do is to 
be optimistic in the extreme ^nc| bope that foundation support will 
* produce models 6f success (a "sot unreasonable hops) so^that other 
institutions will be able to, Instate these "models with funds from other 
sources (the wishful part). At aYiy* rate, in order' to try tcj meet 
the goals* it had set forth,,\he Foundation sent 1 * invitations' to three 
Vttf~6ups of institutions. , # The first was made up of strong, science- 
Jof*Tented liberal arts colleges;' the Second, colleges of limited, strength 
in , science but with a clear determination to change that situation] 
*the tftrrd, colleges strong in arts ahd letters, but lacking distinction 
in science. Thirty-five colleges, roughly -evenly divided among the 
three categories, received x letters p^hwotatiojx^ The 9 Foundation 
planned to divide $7.5 miUion amohg 15 "to* 20 of them over "a. 3- to 
5-year period. •< 

While^ the institutions* were: .formulating their proposals, members 
v of, me staff visited them to assess* the likely degree of„_ institutional 
commitment. Without firm commitment -to the purposes of the .pro- 
gram^ including continuing "support beyorxd the period* of a S^gan 
, grant, an institution could not be .expected to v show more than a 
transient change in the quality of its' science program. After the 
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visits, the Foundation, assgmblpd a review panel of distinguished scK 
entists to \h»elp in the final ^election process. By December of 1966/ 
20 notification telegrams were »sent out to the winners. 

All of this was not going on in a vacuum, of course. The lib- 
eral arts colleges foynd themselves facing »an ever-growing financial 
squeeze and exerted considerable forc^'on other sources of funds as 
well as the Sloan Foundation. By mid-1966 both the National Science 
Foundation* (NSF) and the Research Corporation indicated their inten- 
tion to provide funding similar to that under consideration by the 
Sloan* Foundatioq^JvJ^F intended to begin its College Science 
Improvement Program (COSIP) on a mocJest scale. Of course some- 
thing modest for NSF is still often much larger than what the Sloan 
Foundation can put <?n the line, but because NSF money was distrib- 
uted more broadly than the Sloan dollars, individual grants generally 
turned out^to be smaller than the Sloan grants. Fourteen of the 149 
COSjP* instrtutions were on the Sloan list, and seven on that list also 
received Research Corporation support. 

By 1972, wften the College Science Program grants were running^ 
out, the world had changed. -Science was no longer growing. COSIP 
had peaked at $9 million a year and was winding down. The 
Research Corporation had returned to individual research grants. 
Students regarded science as a threat rather than a savior. They 
perceived^ too, the glut of science Ph.D.'s. Admittedly, the growth 
in pre-medical students exerted some positive influence. So too did 
the concern for "ecology" and "the environment." But the overall 
effect of all these confounding variables was to make it especially 
difficult for the Foundation to evaluate the success of its College 
Science Program and decide where to go from there. 

As a start, Foundation staff visited all 20 institutions and talked as 
well with NSF staff and staff* members of the Research Corporation. 
Copious files, of reports and memoranda also had to be reviewed in 
an effort*, to learn what had been accomplished, which, approaches 
^-stjcceeded and which failed. 4 

Of the six colleges in Group I, those already strong in science ,.*five 
performed satisfactorily, 'one outstandingly. All added new faculty 
•and stimulated student and faculty research. But with Sloan support 
"about to terminate while COSIP and Research Corporation dollars^ 
ceased to flow, all expected to* have to cut back significantly, 
^despite earlier intentions to carry on. their expanded programs after 
grant termination. 

Not all colleges in Group II could claim success. Five of the seven 
did indeed make- significant improvements in their science education. 
One showed little improvement, citing individual gains to faculty in 
* terms of equipment, travel, etc., at' the expense of any concerted 
institutional effort. The seventh embarked on an ambitious 'curricu- 
lum development program, but later decided to abandon -it. 

3feft 



Of the five successful programs, all notable for increased science 
faculty size and enhanced research opportunities, two seemed likely 
to be able to maintain their momentum. For the others, budgetary 
problems posed a serious threat. 

Group III offered mixed^ performances. Four"* of the seven colleges 
were successful in building some science capability to fill the pre- 
vious vacuum, * three by adding faculty or teaching interns, one "by 
investing in equipment. Three tOrnecJ in disappointing performances, 
in one case because of the loss of leadership. 

On the' b^sis of- this \&d of college-by-college assessment, with 15 
at least satisfactory performers out of 20 grantees, the results* of 
the College Science Program look good. In fact, this program, like 
1TT3ny of the activities • of a general purpose foundation, involved a 
rather high degree of risk.^Colleges were allowed considerable flexi- 
bility in the use of fgnds and were called upon to exercise a high 
degree of initiative. Given the risks, the statistics look good. 

But in a program of* this sort, it's necessary to back away from the, 
trees to see the forest. The College Science Program was a family of 
grants with a common purpose-rto enhanc^±he^flual.ity„__of_ .science 
teaching in three groups of, colleges h each group being only a small 
sample of a mucli larger group of liberal arts colleges. Taking the 
program as a whole, there h are three results which the Foundation 
would expect to find in order to consider the program a success:' 

(1) some significant portion 'of the colleges would in fact improve the 
quality of their presentation of science by some reasonable measure; 

(2) the colleges would be able to maintain this Enhanced quality out 
of their pwn resources or out of resources that th^ new level would 
attract; and (3) the accumulated\expeipence T gained in the process'of 
improvement would to some extent guide other liberal arts .colleges 
toward a similar improvement. I^iese criteria provide a measure of 
success. that is mor^ meaningful than the college-by-college assess- 
ment. • 

On the first score, 15 of 20 colleges did indeed enhance some'aspect 
of their presentation of science^ But the. failures offer lessons per-, 
haps more important than those of ^he' successes. Thrfee of the five 
poor performers stumbled because" of lack of leadership. Lack of 
effective guidance in one Of these seems to have led to an inability 
to develop a coherent plan of action. Another lost a dedicated presi- 
dent during the first year of the program, and subsequent adminis- 
tration was not strong. In the third ,Vthere was no coordinated con- 
trol of the program. These failures of leadership were all In the 
lower two categories of ipstitutions--two in the group with po pre-, 
vious claim .to strength in science. Thfere are no surprises here. The 
Program was an experiment--a test to see if' an institution could come 
up with required leadership. Experiments must" sometimes lead to 
failures, as they* did here when a college failed the leadership test-. 
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Two of the five unsuccessful .colleges; conducted experiments fc in 
radical curriculum reform. For us, at least, this lesson underlined 
the dangers of interdisciplinary curricula at -the undergraduate level. 



science is* one and that it 
one* On the basis of this 



Theyre are compelling arguments that al 
follbws that it all should be taught as 
experience, however, it appears nedessary to teach the distinctive 
central concepts of each of the disciplines of physics, chemistry 
mathematics, and biology before it becomes- possible to teach at suf- 



ficiently profound levels of science for 
disciplines to appear. - 



the interconnections among 



When it came to the questions of sustaining the new level of their 
programs, we found that Bll of the institutions were in trouble to 
some degree. No one 1 , of course, could have foreseen the* troubles of 

J972 back in J966. Indeed, the absence or an effective crystal ball is 
a persistent ^problem for all private foundations like-Sloan, Which 
provide support for building new or expanded institutional programs 

.that 'must eventually be supported on a sustaining basis from other 
sources. * 



Finally, on the score of accumulated experience which might help 
guide other colleges in a more effective* imprpvement of their own 
science programs, a few v lessons were learned; 

(1) Stimulation ofAon-campus research, particularly re- 
search with student participation, greatly enhanced 
the^teachinc^rnd learning processes. , > 

(2) Rostdoctonal short-term residents on. campus' can be 
highly stimulating to the student body and can .therr>- 
selves haye a a rewarding expjerience v (Regrettably, 
support for this> type 'of visitor, was most profoundly^ 

aff^ted by termination of Sloan ; support. ) 

i i * * , 

(3) Rroyjsiop pf faculty research fiinds and the presence 
pf postdoctoraf^fellows campus had an important 

* 6yaluationary" effect on curriculum. Experiments in* 
revolutionary reform left ho lasting ^mark. 

• i i - 

(4) One of thje goals set^by the Foundation was irnproved 

4 , college-Hjnjye'rsity .-linkages. No jcollege displayed "suf- 

ficient initiative to effect any such improvement. The 
' notion^ that sudh linkages are In the' self-interest, of 
♦ - the college will have to be re-examined 'and, if veri 1 

fied, new]' ways t<j) encourage their formation invented. 

, * , 1 
The Final Stage d 

The lessons learned from the CoNege Science Program .appear to be 
vjaluable, but theyi are of little use in the absence- of funds. The 
evaluation of the Program had been a useful and instructive*texercise, 
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but^ it was, in a sense, a disappointing one, despite the relatively 
successful expenditure of funds. It led the Foundation 'to* begin to 
rethink its role in science and science education. In 1973, the Foun- 
dation decided to award grants totaling about $1 million to 14 of 'the 
original institutipns to help them consolidate the gains made Under 
the earlier .grants and continue their efforts to assemble sustaining 
support. But there was not a great deal of optimism ""on either side 
that this added support would do more than forestall the inevitable. 

There has been no formal review since these' grants were awarded,^ 
other than that provided by annual reports, to assess the current 
state of science education at -either the participating colleges or 
other institutions. No one, however, Vilh^question that science 
education is not. in good health. And not just at the liberal arts 
colleges. It is also true that many of the problems today are exactly 
those that the Foundation defined in the mid-1960s when the College 
Science Program was being conceived. At the moment, the Foundation 
has not identified any attack on^those problems which, makes sense 
for an 'institution of its size. Clearly, the success of any such attack 
depends- on the presence of continuing support^for continuation and 
expansion pf successful efforts upo£_/iemc?nstration of their success. 
An important lesspn for any private foundation is that it ks all but 
impossible to predict the presence of that support. This is a lesson 
"that is learned in more than* one way. It helps to hedge your bets, 
of course, but we've slipped even on an apparent sure thing. 

Neuroscience -/ 

' ~ \ 

I 

During the latter part of the 1960s, the Sloan Foundation was .con; 
cerned about its future role in soience. It 'was clear by then that 
Federal support for science' was\ far in . excess of 'what SJoan or any 
other private foundation could muster. Was there a role for private/ 
dollars in Science? Could thgy do anything Federal dollars coul^ 
not? / w / 

A committee of distinguished scientists was assembled to ad dreg 
these and related Questions. They came up- with a list of recomm^n^ 
dations which identified ^a number of relatively small but increasingly 
important areas of science which for one reason. Or another were not 
in a position to attract much Federal support but which/ couj/d be 
aided substantially by a modest amount of money. One of/them.w§s 
called [■behavioral^ bioloq^,' 1 an area which eventual/ly befcame 'better 
known .bv the name of ^neuroscience. 11 >o* I 

' / W , • " . " 

In 1969, th& Foundation initi£ted a new operational policy by creating 
the' concept of the Particular Program. In .contrast to the, passive 
'activity of the so-called General Program, whicfjj deals' primarily with 
unsolicited proposals ? in the Foundation's general areas* of interest, 
the Particular Programs take a more active, approach. They ?re 
intended to identify a particular problem or opportunity the Foun- 
dation might hope to address effectively with a finite yudget^er a 



finite period of time. The original guideffnes called' tor $1j0-15 million 
ov^er a.5- to 7-year pertod, 'but fpffation is likely to push up the 
dollar figure. One of *the first-* of the Particular Programs .was in 
neurostience., * • * ?• t 

In 1969, neuroscience was an embryonic . field \^Flose practitioners 
were concerned with understanding the structure and function of the* 
nervous system and its role in behavior at levels rangjng from the 
molecular to the ethological. When the Program began, there were no 
more than a handful of academic programs "Tn neuroscience. Following* 
a 7-year investment of some $12 million, there are now over J30p pro- 
grams and a professional Society for Neuroscience with about 5,000 
members. The Sloan Foundation alone was not responsible for. all of 
this /( of course. Neurosciencfe was a field whose, time had 'clearly 
come, and the Foundation had latched on to a nearly sure thing. But 
once again, tlrere was that4esson to be learned. 

Most of the support that went into the field from Sloan went for' the 
development- of broadly interdisciplinary research and training. [Dro- 
grams. This, was done at a time when support for science was gener- 
ally shrinking, so the growth of neuroscience had to take place in 
most institutions at the expense of something else. It wasn't herd to 
guess that .most major iQstitutions> were eventually going to need a 
neuroscience program of one sort'W another. But'once* again , as in 
the case of t(je College Science Probram, it was hard to guess what 
the general support picture was goinig to look like at the end \>f the 
peri6d of »Sloan support, except, or course, to guess that *it was 
going to look worse than expected*. ^And it did. Neuroscience was 
still a growth area at a time Of cutbacks "and neuroscientists prob- 
ably fared as well if not better than anyone else in getting a piece 
of the reduced Fedetj&l ^research dollarl While it is true that by 1976 
the v market for neuroscience Ph.D.'s was better than that in most 
fields, many of the programs that had grown up ynder Sloan support 
found that they were too big to sustain themselves with the number 
of trainees and junior faculty they had.Vl^ilt up over the' years. So 
once at)ain,'tlT& Foundation found that its [pest laid pians did not 
completely match the future they had predicted. Several institutions 
required unforeseen additional support to provide therh with much 
needpd time to scale down to. a .more realistic level.- I'm happy to 
say, however, that virtually' all of these programs are stilj alive and 
well. Rather than say more "about theon, however, I'll go on to a 
subject of more- direct relevance to the interests of this audience^ 

I Cognitive Science ^ 

As the Particular^Program in Neuroscience neared the end of its 
lifetime, the Foundation began an exploration for another area of 
science where* it might .hope .to be as -effective as it had been in 
neuroscience. ^r1y explorations took the form of informal conversa- 
tions between Foundation staff and eminent scientists from every 
conceivable discipline. They were a$ked* wh^t special contribution the 



Foundatioh might ntake to the advancement of science over the next 
5- to 7-year period with an investment of $10-15 million. Now, it is 
surprising how^ajtruistic mdst scientists can be when asked such a 
'question*. Few gave the selfish answer, "Put it all into my discipline." 
"7\nd, while there was no clear ^consensus, there was exceptionally 
'frequent ^reference to imminent advances in research concerned with 
understanding cognitive processes. ]~£ie same references recurred in 
letters written by distinguished scientists from around the world who 
were asked the same question by mail. Many 'of them pointed to the 
apparent convergence of work going on in many fields, including 
computer science, Linguistics, and psychology, which were concerned 
with such Matters as speech comprehension, pattern recognition, and 
the acquisition of language. With these .suggestions came warning's 
that much of this work was less than y first-rate and that the appar- 
ent convergence may be no more than superficial. 

♦ 

These- conclusions are now much easier to draw than they were at 
the-Jtime. We were then proceeding with considerable caution, aware 
that we might be hot on the trail of a wild goose.. The next step "was 
to assemble, again informally, small groups of scientists working in 
'the still vaguely denned area of cognition,- but coming from a stand- 
ard discipline wh^pe/tfiey enjoyed an excellent reputation. Could they 
concur that something was happening--or about to happen--that 
would elevate the study of cognition to new Jevels? The answer was 
an unqualified maybe. 

■ « 

At the same time, we wrote to a large, group on investigators of 
similar reputation asking *them if they thought there was, or was 
about to be, a field of cognitive science, and if so, what it might 
look like. We received generally positive responses, a wide variety of 
maps of the* putative field, and many cautionary s notes, ' both explicit 
and implicit. Something was clearly in the wind, but no one could 
define*, exactly' L what it was. More discussions appeared in. order. 
.There followed two round table discussions, one on the East Coast 
and one on the West. Each brought together a group of philoso- 
phers, linguists', computer scientists, psychologists, and other cog- 
nitive 'types to^ consider the reality or unreality of cognitive science. 
The East Coast meeting made it* clear that if there is a fielcl, it is 
fraught with controversy/ The West Coast meeting , while not without 
controversy, demonstrated that it is .possible to establish some con- 
sensus as to what the goals of cognitive science might be and t9 
initiate some cross-disciplinary dialogue about how to achieve thpse 
goals. 

_fL - - - ---- - - - - ■■ - 

With a mixture^of optimism, and caution, the Foundation staff for- 
mulated plans ffpr a Particular Program in Cognitive Science. There 
were to Be three phases,* with ongoing review and the possibility of 
terminating the program to be considered * at each juncture. Phase I 
would involve- a widely distributed series of modest grants for 
exploratory purposes, largely, workshops and * visiting scientists. 
These would attempt to determine whether fruitful cross-disciplinary 
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collaboration leading to n^ research approaches could be estab- 
lished. Phase II would build on these interactions to train post- 
doctoral investigators with .a background in -one discipline, such as 
cognitive psychology/ to work on problems" in another area such* as 
artificial intelligence.^ Training at the postdoctoral level was con- 
sidered to be -the most rapid way of creating productive researchers 
who could be considered to be true cognitive scientists. Finally, 
Phase III would focus on a few of the most successful programs and 
provide institutional development support intended .to produce an 
-enduring cognitive science research and training program at each 
institution . 

All of these plans and the ongoing monitoring of the program are 
conducted with the aid of a Cognitive Science Advisory Committee 
which is composed of scientists distinguished for their administrative 
and scientific wisdom, but not necessarily possessing any credentials 
in any aspect of cognitive science. Their periodic review of progress 
and reformulation of operational procedures have proved invaluable 
in guiding the course of the program. 

Phase I proved more of a success than anyone could J^ave hoped. 
Each of the 14 participating programs developed a strong and effec- 
tive multidiscip-linary core group which rapidly opened ^a variety of 
new lines of research. Many groups, shared common' interests, but 
each developed a unique approach to the field. Controversy remairted 
a dominant characteristic of the program, but many opponents to the 
principle of the program cha'nged their minds after spending some 
time at one of the participating institutions. 

When it came time to decide on Phase II, jt was clear that it was 
appropriate to go ahead; the intellectual excitement was clearly infec- , 
tious. But- there was obviously going to be, a problem in narrowing 
the number of 'institutions participating in the postdoctoral training 
activities. Not one program had fallen op its face--a clear possibility 
in this murky and uncertain territory.- And it was certainly too early 
to weigh the relative success of one program against another with so 
many diverse^jctivities going on. The Foundation decided to' make it 
possible for^Pthe participating institutions to take part in Phase II 
if each could produce a persuasive proposal. So far each has. 

Now. plans are being laid- for Phase 1 1 (--institutional' development. 
And we face once again the problem of determining what the itkeli- 
hood of sustaining support will be about 7 years from now. The 
original notion had been to narrow Phase III support to two or three 
institutions. With an anticipated $10-12. million to be divided among 
them, the ^sense is that 'such figures would build unbearably large 
programs. "There is also a sense that, given the great diversity of 
thfe field and its relative youth, it is not yet possible Jo decide on 
the most potentially" fruitful approach. The number of awards now m 
under discussion is four or five. 
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The Future -f 

What will the Sloarr Foundation' t>e -doing, in the years ahead to help 
support research and teaching in science? In all likelihood Phase J II 
'of the Particular Program in Cognitive Science will run its course. 
The years shqul^d fo§lp map" more clearly what is still an intellectual 
territory shrouded in fog. Many of us expect that major advances in 
teaching ahcl learning are going to result from basic research in cog- 
nitive science, but we won't know for some years yet. Since .its ear- 
liest involvement with science, the Foundation has taken the position, 
that immediate payoff or the hope of iromeciiate payoff, plays no rolr 
in its support of basic research. I expect that the program of Sloar 
Research Fellowships on which this tradition is founded will cdntini/e 
and perhaps expand. It remains one of the Foundation's ™<^st 
respected programs. 

As for new ventures in science or science education,, they remain far 
more uncertain. Pertysp's a new opportunity like nearoscience or cog- 
nitive science will be found. Perhaps someone will shed new wisdom 
on the problems which the College Science Program hoped to solve. 
But for the moment, and in a different way, the continuing vicissi- 
tudes of Federal support for science- and science education stymie 
those of us in private* foundations who are concerned over how best 
to deploy the relatively modest but undoubtedly valuable resources 

T" r ' ■ - 
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THE I NTER PENETRATION OF RESEARCH AND DEVELOPMENT 
IN SCIENCE EDUCATION 



Rustum" Roy 
♦Materials Research; Laboratory 
The Pennsylvania State University 
Universiy Park, PA 16802 



Dr. Rustum Roy ' received his early education in India 
and came to the United States for his doctoral studies at 
the Pennsylvania State University in the field of ceram- 
ics. He has continued at that university to' the present 
and is now Professor of Geochemistry and Solid State*. He 
has also been Director of the Materials Research Labora- 
tory and Chairman of the Science, Technology and Soci- 
ety Program from the 1960's to*the present. Dr. Roy is 
a member^ of the National Academy of Engineering and an 
officer of many professional societies. He has founded or 
edited at least eight journals and bulletins, and written 
over 300 scientific papers as well as several books. As 
a tribute ■ to his many contributions his cotleagues at 
Cambridge University have named a mineral after 'him. 



The purpose of this session is to reinforce by illustration and rea- 
soning what is obvious to almost every practitioner:, namely, that 
research and development in Science education. are simply labels on a' 
continuum of change. The'four speakers will each demonstrate how 
this interpenetration of research 'and development affects their own 
practice. My task in these very brief introductory remarks is-^to 
present my overview of the relation between these activities. I wish 
to make three points: 

1 • Research and development are two links on a continuum. 

«* 

The first figure illustrates the total chain of activities involved in 
technological* innovation of any kind. This schema comes from the 
world of technological research and development, and -I have* super- 
imposed on Ht the terminology of Research, Development, Dissemina- 
tion, and Use (RDDU) commonly used in science education circles. 

The two arrows are important. The one that starts on the left 
represents the pusfr of discovery or invention as responsible for 
triggering progress down the chain. The arrow that starts on the 
bottom right represents innovation driven by , the pull of* societal 
need. I have coined the terms "telestic" and "atelestic" for these 
twq kinds of basic research. 
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The point to be made from this figure is that except in very rare 
instances—and thes£ can hardfy appear in research in science 
education—there' is very little atelestic research which makes an 
impact. Certainly in science education, research and development 
are both telestic, i.e., rthey are need-driven* with some educational 
goal' in view. 

2. All research in science education is- "applied 11 science research. 

This is' the second' point to b,e made from Figure 1. In the. minds of 
many, basic telestic stience [s applied science and not "basic 

^cience." .While many would regard all this as semantic quibble, it is 
far from that. The fact that the great American academic . dream 
machine does not recognize the existence or validity of applied sci- 
ence in a university constitutes a major problem. Yet perhaps the 
greatest distinctive successes of the quintessential^ American uni- 
versity establishment is the Agricultural Experiment Station which is 
almost the prototype of applied research. It was a complete system 
of "RDD'and U" and that is what is needed for science education--a 
Science Education Experiment Station attached to each land grant or 

, other institution. , 

4 3. " Innovation > Impact are mixed in only slightly different propor- 
tions.in RISE and PISE. 

I turn now to my Figure 2, 'which shows the relation of innovation to 
impact as we go across* the chain. This t is an attempt to show that 
in the science education area we operate in the middle of the con- 
tinuum as any applied science would. The. bars show the RISE pro- 
grams have- a certain t component of innovation, but they must also 
clearly demonstrate their putative impact. In the DISE programs the 
mix is somewhat richer in .the impact component. Moreover, the 
third direction of time is shown as a third axis moving back out of 
the -plane of the paper. The slope of the lines with time is clearly 
towards more impact. In other *words, . both RISE and DISE must 
move toward having a measurable effect on # the educational system. 
Given this situation—and these are merely 'a representation^ of the 
facts— it is elearl^ a moot point *that research ancl development in 
science can ever be separated conceptually and functionally. They 
will obviously draw upon each other iteratively as much, as the sci- 
ence 6f thermodynamics drew on the technology of the steam engine 
and vice versa. 
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FIGURE 2. ILLUSTRATION OF THE MIXTURE OF INNOVATION, AND JMPACT 
IN r blSE~PROJECTS AND THE NECESSITY OF : INCREASING IMPACT WITH TIME. 
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yiy assignment is to describe the -interplay of research and develop- 
ment occurring in a typical development project, namely, the one for 
which I am project director. ,1 will describe that interplay as I see 
it, then tell you a little about our ideas for enlarging it. v 

There. "are three fields of research where findings have proved useful 
to us: communication, science education, and cognitive and social 
psychology. (Jn communication we include linguistics, typoggraphy, 
and*graphics. ) Such research results are being applied by us in 
order to choose appropriate media for specific messages, to design 
the organization of material within a medium^ and to improve learners 1 
motivation at the ' same 'time that we work on their science-lfearning 
•and problem-solving skills. ' Recent technological developments also 
play a critical rolq in our project, but they will not be described 
her£*. & m \ 

First, let me briefly describe'our project. The project's main goal is 
tq L produce a system of instructional physics modules for independent 
study. The target audience includes college students majoring in' 
the .sciences and engineering, practicing professionals in industry 
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* » and government, and bright science-oriented high school, students. 
-The instructional modules are mostty in print form" and are 7-14 
pages long. They are meant to be about the length of regular* 
^-Jectures. The authors are physicist/teachers scattered around the* 
/ country who contribute their manuscripts in a manner analogous to 
' the way research papers are contrfbuted "to journals. The rjiodtt+es 
are also available from electronic storage. 

Each module is documented in such a way that it can easily servers * 
a node in various learning sequences. Learners, individually or .in ' 
groups, follow what look like road maps to get from whiere they are < 
(intellectually) to where they wish or need to be. On these maps, 

- cities' locations are occupied by modules. Just as a city will usually 
0 serve as a way station for people who are passing through it in dif- 
ferent directions, in similar fashion a module will usually betaken 1 
by various learners traveling ^long different paths that only tempo- 
rarily cross or merge. • . % 

We find students pursuing several different path strategies. Some 

individuals go- along minimum paths to* reach preset personal and 

professional goals. Other individuals ehjpy taking interesting side'! 

trips/ The s'rde trips sometimes result in changes of jmajor! Also^ 

! some individuals report more satisfaction from studying a subject^, 

some depth before being rushed on to the next subject. This feeling 

is widespread ampng professionals.' 
* * 

Some faculty members nave objected that students would' find a- 
muttipath system too confusing. We find thai' if we give students 
,the map, a colored felt' tip markei;, and printed , directions and 
restrictions, they have little , trouble marking out appropriate paths 
on , the map. -After all,* most students are quite used, to plotting 
their way on road maps . Several thousand students have success- 
fully marked and followed their physics' maps'by now. 

There is one additional facet which I would like to describe-*— *hat of 
overviews. Suppose that you, as a learner, are steering ^our coyrse 
through our network of paths. Think^of it as traveling along on the 
surface of the^earttrr- — Now suppose~~that "yoCPcan also rise" from' the 
earth's surface to obtain an overview of the surrounding* terra^?f>^ 
Suppose you can risje to consecutively higher levels, obtaining an 
ever more global view. Such hierarchical levels of overview are 
. provided in the module system by •special overview modules. This 
overview function is graphically reinforced by the map and by the 
format of the modules 1 tables^ of contents. Indeed, with the map, 
the overviews, and the tables of contents, ttte learper is 'provided 
.with a hierarchical structure of knowledge for the territory being 
covered. As we make the module^ smaller, henbe more numerous, 
more ,of the structure of the subject will be exposed to view, 

Research has played a vital role in shaping the module system I have 
just described. * First, some very nice work has shown that college- 

- ~>age students are most likely to be strongly motivated if they can see 
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a total path linking present decisions to the achievement of personal 
goals in the future. Such 1 a path should include a number of steps 
along the way, and tj^ student should" receive reinforcement as*the 
path is being traversed, reinforcement* that 'builds credibility , for the; 
" • whole path . * * * 

In /bur case, the. students find that each) modul^-to-module link on 
the- map is indeed necessary, and°this helps build that credibility. 

Each link on our map represents a prerequisite relationship between 
tfie two modules at- opposite ends^of the link. That is, the' module at 
one end of the link provides a skill which is a prerequisite for. the 
module^t the other end of the link. A module's prerequisite skills 
/ ai 7L, ex Pl' c it'y stated in the module, in % a self-testing or pre-test^ for- 
mjK They may involve knowledge, rule application, problem solving, 
estimation, -,eveluation etc. 

\ 

A module's author is the one whp constructs the module's list of pre v 
requisite skills. For each prerequisite skill, the author also lists' 
* those modules in' the system which adequately provide that skiN . A 
module's list of prerequisite skill modul.es is all we need to place uhe 
module on the map and draw in its links.,. 

\ i* 

Recent results in! cognitive psychology, invplving the direct study d 
physics problem solving, have suggested the importance of develop- 
ing mini-skills, then clustering them on ^various levels to form a 
hierarchy* By mafcing the hierarchy explicit, the brain has a struc- 
ture upon whichjjto hang the chunks as they are > met, resulting in 
[nuch more ^efficient Earning. It then canj use the jwords, visuals, 
and relations in the hierarchy to design a "[top-down" solution to any 
particular problerji. j 1 

The hierarchy is made explicit through the overview modules and 
through each module's* hierarchical Table "of Cont^hts, The "profes- 
sional's -vvords and word associations are made explicity through each 
module's "input vocabulary" '-and "output vocabujary" lists, plus th.eir 
expansive Glossaries. Some crude netwpr)<-type relationships are 
made explicit viajthe module's Prerequisite Network Diagram. 

Some research findings that are often quoted in our project are 
those that confirm high school English teachers' rules for - good 
written English. ! The most important of these rule's delineates the 
position and design of a para graph's J ;opic sentence. Our physicist/ 
authors tend to (define art— word concepts first, then combine them 
into a tcTpic sentence. The trouble is that 1 , the topic sentence then 
occurs at the en;d of the paragraph, -and the topic paragraph occurs 
at the end of tfie module, A bold sug£)es'tion to the author to re- 
arrange the material usually results* in .much bad noise. However, 
data from "topic I sentence", .research is more j respected and is usually 
'"enough to send 'the author back to the drjawing board. jJpon com- 
pletion of the revision, th^*author is pleasantly surprised to find 
that tl^ researcjh findings check out personally: \he revised ver- 
sion seems significantly better. [ 
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Another w^ll-quoted research result, is that - on "chunking." This 
research' says that the'human bra^KlTkes no more than approximately • 
five to seven new chunks of knowledge st a. time, plus one chunk , 
that ties the othens., together. Thus mbst modules h^ve a twoHevel 
hierarchical layout of their* tables of contents with* no more* than 
approximately five paragraph tftles per section, and no more th$an * 
approximately five sections per module. The modules, in turn, are 
grouped "Jnrblocks of no more than five. 

Apart from 'the basic research applications I hav^been discussing/ 
we also have ta include applications from research into the author's 
attitude or stance, the strengthening of recall, and the needs of 
industry for increased productivity. Research in typography" influ- 
ences our printed line length, line .spacing, choice of type faces, 
and right margin , justification (or "lack of it). From research on 
graphics we use results relevant to left-r*fght symmetry, 'the degree 
of detail in figures, figure labels, and captions. 

* Finally, .there are recent research resujts suggesting that even 
experienced physicists have . gaps jn their problem-solving knowl- 
edge, gaps that could be ifemedied by " raising physicists' most gen- 
eral concepts to 3 higher fevel in the hierarchy. Another way of^ 
saying it is that we often neglect teaching the* most 'general physics- 

* because we* want students /"to use simple algebraic manipulations. 
Unfortunately, |:he simple approximate .formulations are frequently all 
that stfick in tine learners' long-term memories. Our project is ,how 
going pack thrjough already-produced modules, making it clear that 
many of the ^xact-looking equations are mere approximations.^ At 
the same time, /.we are inserting at least a paragraph describing' the 
problem's 'general method of attack. With new modules we are also 
trying to raake sure that the learner obtains a feel for the real-life 
circumstances under- which the beautiful little approximate {ormCTra^ 
are useful . . < * 

Have we influenced any researchers? We think so, especially in the 
case of an investigation into the relative effectiveness of various 
models of the tryout-revisiorf cycle 7 . After a great deal o'f discus- 
sion, we think we have persuaded the researthers to compare 
those tryou*-revision models which .might * reasonably be used by 
developers and practitioners. In return, the researcher will gain 
accWs**tb the tryout-revision data being systematically collected by 
*the project. " « / 

We have recently made m a rrfodest first step toward linking together 
developers and practitioners. Initially, the practitioners . invoK/ed are 
mainly fiigh school Wchers who do ' not have enough talented and 
•eager advanced' physics students to justify a special class. Never- 
theless, they find that they can offer our college courses, usrng our 
modular materials, in various independent study modes. 
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To hejp them along and to get feedback, we are in daily contact with 
them via computer conferencing and electronic mail. This means that 
each person in tbe network can dial in via a local telephone number' 
when there^is a need or when time is available. Yesterday in my 
hotel room r I dialed the. )ocal TELENET number here* in Washington, 
D. C w< connected to the Michigan Computer Network, and responded 
to, messages that included one from our module distribution person, 
one from a high school teacher in Portage, Michigan, and one from a* 
woman in New Hampshire asking for consultation on a homework 
problem in theoretical' mechanics. 

As our ' network ^of developers and practitioners expands, we hope 
that a number of researchers will join us. We want them 'to work vyith 
us on applications of their research results, for inspired application 
is just as hard to come by as inspired research. 

1 see no end to ap>licabfe' results coming from research in science 
educatioh and related areas: This field appears' to be in its' infancy 
and js being constantly-challenged by the appearance of new tech- 
nologies. As researchers, ^developers, and practjtiqners become more 
closely coupled, modules wiil continually ^change in response to new 
insights. At that point, scienrce education research and development! 
will be most "like research and development in th6 "natural sciences! 
and will have the same apparently fimitless horizon . 
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Dr. Lillian C. .McDermott, a graduate of Vassar, received 
A her Master's and Ph.D. degrees in Physics from Columbia 
University. She is presently a "Professor of^Phy.sjcs at 
^ the University^of Washington. Dr. McDermott also heads 
the phytsk^ Education Group made up of physics faculty, 
visiting- faculty research and acacjamic associate's, and * 
doctoral candidates doing their research rn physics edu- 
cation. Among the students in the Physics Education v 
Group, are minorfty students interested* in science-related 
careers, pre-college teachers, and undergraduates en-* 
rolled in the standard introductory physics courses. # 
• Working with th$ Physics Education Group has provided p 
varied experiences to Dr. McDermott, some of which . . * 

have, become the subject of investigations funded by 
. the Research in Science Education 7 (RISE) Program? as 
well ' as the 'Development in Science Education (DISC) 
Program. Dr. McDermott -has published widely on the . , £ 

teaching of physics to students and 'currently to pre-' 
college teachers, and her findings have had an impor- 
tant impact on physics curriculum writing*. A 

I. Introduction ^ 

The Physics Education Group in the Physics Department at the Uni- 
versity of Washington is conducting a comprehensive program that 
integrates research in physics' education, curriculum development 
based on this research, and physics instruction. The 'Physics Edu- 
cat-ion. Group includes physics faculty, visiting faculty, research and 
academic associates, and doctoral students doing their 'research in 
physics education. TJiis paper describes the instructional, research, 1 - 

and curriculum development components of the program "and gives 
examples of their, interaction . 
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II. Comprehensive Program • t P* ^ n * 

A . Instructional Component 
'• — I 

All members of the Physics Education Group are actively engaged in 
instruction. We' have' experience teaching physics to students with a 
> wide variety' .of ability' and preparation. Our students include minor- 
ity students interested- in science-related careers, pre-college teach- 
ers, *.and undergraduates enrolled in the standard' introductory ■ 
physics courses. *' 

K ' 
1 . ' Minority Undergraduates Interested in Science-Related Careers - 
t For the past five years, the Physics Education Group has been con- 
ducting a special sequence ^of physics courses 1 designed to pref^re 
minority students for mainstream science- courses. Each year about 50 
students in the University o'f Washington's Educational Opportunity 
Program (EOP) enroll in this special program. The courses are labor- 
atory-centered, with a' great deal of interaction between the instruc- 
tors and. students. We ha^eassembled support for the instructional 
" 1 I costs from the Physics Department, Graduate School,- and a Healjth ^ 

Sciences program. The development of curriculum based on our ex-? 
periencejn this course is described in Section. 1 1 . C J . * 

2. f Pre-College Teachers 

For the past 10 years, our group has offered courses' for pre- 
service and in-service teachers. The pre-service course for, prospec- 
tive elementary school teachers was originally developed by Arnold • 
Arons with UPSTEP support. W6 have also developed a special year- 
long course in physics which \% required for "certification to teach . ^ 
* high school physics. In addition to these two regular course offer- 
ings in tHe Department, there is an extensive in-service teacher edu- 
: catron program supported in part by a Pre-College Teacher Develop- 

ment' rn Science grant. In-service courses are offered- twice a week. 

* — 3-. — -Undergraduates in Standard- Introductory Physics Courses 

Members, of the~group also^particlpate in' the regular instructional 
program of the Physics Department. ~J Thus,- the - gnoup^Jias direct 
access to the traditional physics student enrolled in pVe-professrdhal * 
" general introductory physics and" in calculus-level introductory 
physics courses.. . ■ . ■ * 

• B . Research* 7 Component 

S Our research focuses oh systematic investigations of student difficuf- # 

ties in various domains.. Currently, our major research effort is the 
s Research ,in Science Education (R ISE)^project in which we are inves- 
tigating student understanding of the concepts of motion among the 
student populations mentioned above. A second area of research is 
the identification of specific* difficulties in learning science that 
hinder the progress of academically ♦ disadvantaged students in main- 
stream science courses. This investigation is part of our Development 
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in Science Education (DISE) project, in which We are developing 
curricula to address student difficulties ^ommon to the study of 
science in general, rather than specific to physics. 

1 . * Research in Science^ducation ,(R ISE) Project 
In our RISE project, we are conducting an empirical study of student 
understanding of concepts af motion. Initially, the research focused 
on kinematics. Research currently undeh way centers on an investi- 
gation of student understanding of the concepts of dynamics. 

In this study, the criterion selected to assess understanding of a 
concept is the ability to apply the concept correctly to simple mo- 
tions of real objects. The primary data source has been the individ- 
ual demonstration interview 0 in which students are asked specific 
questions about simple^ motions they observe. Data are also obtained 
from student responses on homework assignments, examinations, 
instructor-student dialogue's, and group and class discussipns. As 
the research progresses, results are incorporated into our instruc- 
tional program and into new curricula. These, in turn, suggest 
further questions for research. 

The results of our study on student understanding of kinematical 
concepts, with emphasis on instantaneous velocity and acceleration, 
have been reported. 778 In conjunction with this research, we have 
developed a curriculum in the form of a module on kinematics which 
addresses specific difficulties that have been identified in the course 
of our investigation. A description of a portion of this research in. 
kinematics can serve ♦tojllustrate the interaction among the research, 
curriculum develppment, and- instructional components of ouV pro- 
gram. 3 * - 4 

In 6ur, empirical study of student understanding of the concept of 
acceleration, we have focused on the qualitative understanding of 
acceleration as the ratio of change' in velocity to the corresponding 
change In time ,(Av/At). Acceleration^Gomplrison Task 1; wasr de- 
signed to probe various aspects of ( student understanding of accel- 
eration. This task was administered .as , an individual demonstration 
interview to _^bout 200 _students 'representing all populations included 
in our study.. 

In Acceleration Comparison Task 1, students observe the motions of 
two identical steel bafls that roll down straight aluminum U-channels 
set side by side. Although both tracks are inclined identically, the 
channels are of different widths as shown in Figure 1. Thus, one of 
the balls, ball A, has k smaller acceleration than the other v ball B. 
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Fig. 1. Cross-sectional view of U-channels used in 
Acceleration Comparison Task 1 . * 



The apparatus for Acceleration Comparison^ Task 1 is illustrated in 
Figure 2. Both balls are released from rest. Ball. A, initially behind 
ball B, is : released first. The apparatus was carefully designed so 
that both balls reach a tunnel at the end of the inclined tracks at 
the same instant and with the same velocity. ' The two motions are 
illustrated in -t;he graphs in Figures 3 -and. 4, neither of which is 
used ia the interviews. Acceleration Comparison Task 1 is described 
in njore detail in a paper reporting on this research, in the American; 
Journal of Physics in • March 1981 . 

The interviewer begins by' showing the student the motion of each 

ball, separately. It is clear that both balls accelerate. The motions 

are- then run together and the*.student is asfced: "Do these balls 

.have the same or different accelerattons?" The two most common 

correcr tines o1^ reasoning are the-following^ (1). Balls A* and B have 

the same final velocity. Sihce ball A is already moving wflen ball B 

is released, ball B's velocity changes more ih^the sgme time. Thus 

balLB's acceleration is g>eater than ball A's. (2) Both ballshaye the 

same change iq Velocity from zero to the 'same final speed, /btit ball 

B ' is released later and undergoes this velocity 1 change in less time.. 

Thus ball B's acceleration is greater than ball A's. 

* * , 0 * 

The interviewer assists the students in making the observations 
necessary far comparing the accelerations by directing attention to 
the motion of the balls at the times* when, each ball begins to move 
and when they- both enter the, tunnel . In order to complete the task. 
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Fig. 2. Acceleration Comparison Task 1. Motion is fr6m 
left to right. Successive positions are shown as they would 
Appear in a strobe tight photograph. Dashed circle indicates 
initial position of ball A. Solid circles indicate corresponding 
positions of- balls at equal time intervals. 
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Fig. 3. Position-time graph of 
motion demonstrated in Accelera- 
tion Comparisorl Task 1. Dashed 
line indicates position of ball B 
fronrl instant b # all'ATs released 
until ball B is released. ? 
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- Fig. 4. Velocity-time graph of 
motion demonstrated in Accelera- 
tion Comparison Task 1. Balls 
reach the same v'elocity just as 
they enter a tunnel at the bottom 
of the incline. 
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the student must recognize these observations as necessary and be 
able to combine them appropriately. Success in this task^was taken 
as an indication that the student understood the Concept of accelera- 
tion as the ratio Au/At. 

The failure rate on this task was very high. Even among students in 
the calculus physics course, only 40 percent of the students in our 
study were successful after they had studied acceleration in the 
course. Traditional instruction of this concept does not seem to be 
adequate for most students to apply it correctly to a real motion. A 
careful analysis of the reasons for failure on the acceleration compar- 
ison task pinpointed a number of conceptual difficulties. Some of 
these indicated a confusion between th^, concepts of velocity, and, 
acceleration, an ihability to deal with the concept of change of veloc- 
ity quantitatively, and a lack of understanding of. acceleration as a 
ratio. I 

As described in Section II.C.2, the research on student understand- 
ing of concepts of motion has.guide'd the development of curricula 
in the form of a module on kinematics. The use of these curricular 
materials in our courses not 'only provides a means for evaluating 
and improving the cyrriculum as it «6 being designed, but also pro- 
vides the opportunity for continuing the study of student difficul- 
ties. As students use the materials, we gain new insights into their 
problems and thi§ suggests new** 'questions to be systematically 

studied. 5 * 

♦ / 

2. Development in. Science Education (DfSE) Project 
In the course of the research associated with our curriculum devel- 
opment project, we have identified a number of specific~difficulties 
encountered by bur EOP students in learning science. We have 
grouped these difficulties into fqur somewhat overlapping categories. 
Although other schemes might work equally well, v^e feel this organi- 
zation constitutes a useful system that can readily be translated into 
implications for instruction. The four categories are listed and briefly 
i I lust rated s below. > 

a. Confusion between two concepts that apply to the same 
situation 0 
A major problem for'ouc students has been the Jack of an adequate 
understanding of basic concep'ts. It i>^easy for students to learn to 
repeat definitions of such concepts, but this is not sufficient. For a 
concept to he of value to a sjtudeat, the student must be able to dis- 
tinguish it from related concepts and to select the one appropriate to 
'the task at hand. 'Over ' 50 percent of our' students initially confuse 
the concepts of mass ahd volume, density and coritentration, heat 
an9 temperature, speed and position, .and , * velocity and acceleration. 
Our curriculum is designed to help students .confront and resolve 
these confusions. • , 
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b. Problems with scientific reasoning • , , 

We have found that the reasoning difficulties faced ,by our academi- 
cally disadvantaged .students are substantially the same as those 
found in the general student population, but s more frequent and 
severe*. 'Recently, many authors have called attention to v a widespread 
need among college students to develop reasoning skills such,, as pro- 
portional reasoning, logical implication, combinatorial reasoning, con- 
trol of variables, and hypothetico-deductive reasoning. We believe 
that student performance on these reasoning skills -should be exT 
amined in the light of coherent subject mratter such as physics, 
rather than through exercises and tasks that attempt to separate 
scientific rfeasoning from scientific content. It has been our experi- 
ence that the ability to use these reasoning prod^ses^isheayjjy 
dependent on the context. 

c. Inability to reason by analogy and to transfer reasoning to 
new contexts > 

One of the instructional devices widely used in the science^ is the 
analogy. We have found that our students are severely , limited in 
"their ability to "follow instruction by analogy. For example, we irttr.o- 
duce proportional reasoning in the context of -mass, volume, and 
density . Even when the students b.ecome fairly competent' at execut*- 
ing and explaining the reasoning in these problems, we find that few 
are able to solve exactly analogous problems involving circumference 
and diameters of circles. 

d. Lack ^^^nectfon between reality and representations 
Studenta must be able to use representations of Reality such as 
verbal statements, diagrams, models, graphs, and formulas to benefit 
fully from instruction and to communicate with others. In addition to 
having the skills npeded to work with representations, e.g., mem- 
orizing laws, plotting graphs, solving equations, etc., students must 
also acquire the 'ability to connect .these* representations with one 
another and with real situations.. ^ inability to make these connec- 
tions is Characteristic of most of our students as they enter the EOP 
physics* class . * • 

ft ^ 
As specific difficulties in the above four catSc^ocies .have been iden- 
tified and explored in detail, we have designed ^instructional mater- 
ials to' help students overcome them and have used these curricular: 
materials fn our courses. This interaction ■ among the research, cur- 
riculum development, and instructional components of our program is 
illustrated in the neS<t section. 

4 t * » • 

am ° 

C» Curriculum Development Component 

<The third major component of our program is curriculum develop- 
ment. Currently the primary deyelopment effort is the DISE project 
which .focuses on curricula to prepare academically disadvantaged 
students for mainstream college science courses. We are also develop- 
ing curricula based on our motion research under our R«ISE grant. 
Th6se materials are intended for use by students with a wide variety 
of preparation in physics. ^ j • , 
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'The development qf curricula is firmly rooted in our classroom 
experience. After 5 years of working with academically disadvantaged 
students; two features of .our, approach to instruction have emerged 
as guiding principles for the design of curricula? (.1) concepts and 
reasoning should be addressed together, and '(2) abstraction §nd 
generalization should be preceded by direct, experience. 

It is- our belief that^ copceci^formation and reasoning development are 
mutually dependent arrd must.be addressed together. If the reason- 
ing skills of students are not sufficiently developed, it is often fruit- • 
less to attempt to teach them formal scientific concepts because many 
.concepts are inseparably linked with particular lines of reasoning. 
.Conversely, we believe that development of reasoning skills cannot 
be fully realized unless these skills are applied to significant subject 
matter which is part of a cohesive body of knowledge. Courses that 
focus only on reasoning and ignore formation of scientific concepts 
or that introduce subject matter only incidentally are likely to be of 
limited usefulness in f preparing students for mainstream science 
courses. This assertion is based on our experience that the transfer J 
of reasoning skills^ by the students from one context to another is 
quite limited. . 

'Our experience in the 'classroom has strengthened the conviction that* * 
for students whose reasoning skills are not yet fully developed, sci- 
entific concepts should be introduced in the laboratory. Many of ouf* 
students initially 'do, not distinguish between naming and understand- 
ing a>concept % To them, a r'epetit'kon of words in correct juxtaposi- 
tion represents understanding* To 'forestall' this fixation on words, . 
we introduce technical terms only after the ideas behind them* have 4 
beeri explored in thf£ laboratory. 

1. PISE' Project ** , / ^ 

In our DISE project, a curriculum in, physics anrd physical science is 
being developed to help prepare academically disadvantaged students 
for success in mainstream science courses. The setting *for this proj- 
ect is" the special program in the Physics Department' for students 
(mostly minority) in the University^ of Washington's ' Educational 
Opportunity Program (E($P) . The clos^retationship between instruc- * 
tk>n in the EOP physics course and /the ijeveloprtient of curriculum- 
for t£ese students is illustrated in a'^s^nes of tjjrtnee articles 'which 
*were published in the Journal of CaHege Sfcience Tggching ih Jajtu-- 
ary, March, and May*19807 p ' m " 

We plaK to produce Yrx modules which together . comprise ab6ut 2., 
years of academic work. The topics have been chosen 'to # form a' 
conceptual basis , for later work in the*physical sciences. The" titles 
igpclude Properties, of Matter , Kinerfiatics , Astronomy , Heat and Tem- 
perature , Electricity and Magnetism , and The Atomic-Molecular; Mc?deJ~ 
of Matter . The first Module, Properties of Matter , laysjhe foundation / 
for the others which may «be • selected in any order according -to * the • 
instructor's preference and students 1 needs".* • _ <» " , * iw 
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The first two modules hsve been printed in . triaU editions and are 
being pilot-tested at the 'University, of Washington and other institu- 
tions. Although- m the curriculum " is ^being developed tq help prepare 
minority students for mainstream science courses, we have Xoujnd 
that the materials are effective With pre-^ollege teachers and with 
-students who have already had some preparation in physics. 



These ^curricular materials embody the design ^principles mentioned 
earlier* For ekample, in actordance with the procedure described by 
Arons, practice with proportional reasoning fs embedded in study of 
subject matter. Over a period. of a year, the students work with 
proportions in the contexts of density, pi , icancentration , chemical 
proportions, and uniforrn .Velocity . For each proportion, the result of* 
carrying out the division La interpreted as the number of units in 
the - numerator^ for* every one unitrof the quantity in the denominator. 

The chart in Figure 5 summarizes the treatment of proportional rea- 
soning i>n our curriculum,: We have found that extensive rexposure to 
proportional reasoning in ^different • contexts is h£cessary before sig- 
nificant transfer to new topics - is acbjeved. This illustrates two of 
the difficulties^ identified* by^ur research: the persistence of trouble 
'with scientific reasoning • and the limited o ability of the stCTd^nts to 
> reason by Analogy 'cind. to transfer reasoning to new contexts. /' * 



J 



~*5ensity 



(number of -grams. 1 * fpr .each 
cm 3 ) 



no transfer 



(Yiumber of«Lin.its of cfrccum- 
ferencfe. for each unit\of 
.diameter) * . 



very little 
M transfer 



Chemical 
Proportions 



Concentration (number of- grams of solute * x % * 
v 6 f or .each 100 cm^ of solvent)* F7« 

(number of grams of cine, ele- 
'ment for 'each gram of another * * 
r element) « ^ ~ % - 

," ' '-; J. ' 

* (number' of cm fqr each . » 
second) " 4 " , 
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The failure to^connegt reality* with its representations is taken Tnto* 
account in a second- example of our approach to curriculum develop- 
ment;. "Riis excerpt, which is taken from the study of solutions, 
iilustpat^s the 'way in which the laboratory is usecf to help form the** 
quantitative concept of concentration and .connect this number with 
observable^prope^tias of Solutions. The experiment described is the . 
first of many that involve solutiorts^and serves afs the students* first 
exposure lo this topic. Each studenK works individually with a* staff 
member <pn the ># following task: the v studen.t is shown four , beakers 
containing .salt 'water solutions as in Figure 6. 'The Leakers contain 
very different* volumes of water that can be determined by* reading 
tBe calibrated scales. In front of each beaker *is written the mass of 
ifealj that it contains, • 

The student is given a sample of solution from each beaker and is 
c asked to match sack* sample -to the beaker, from which - it catne by 
tasting the samples." The student is not allowed, however, -to taste 
the solutions jp the containers. To match correctly, it is necessary 
to pe^for/n calculations- that take into account both the mass of salt 
and the volume of water. • 
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6. Introduction to Concentration . The ' student is 
# d to taste each "salt water sample and *then match it 
erof the beaker solutions. « 



Most students (about 60 percent) initially, match the salt water 
samples** and beaker solutions Incorrectly; usually because they foctfs 
"only on the total mass of salt in the* beakers and ignore the volume 
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of water in which the. salt was dissolyed. For the students who con- 
sider *bnly the- salt, the staff directs ' attention to the >ro"le of the 
water 'Tn the beakers through such questions' -as "Does the' amount 
of water affect ythe Saltiness?" and "How could you take the water 
into^account? 11 Although some of the students need further <guid- 

♦ancfe, at this point most realize that the saltiness of the solutions is 
related to "the, amount of salt compared to the amount of -water. 11 

'While some cannot see how to make this comparison, most divide the 

" mass of salt by the volume of water (or vice versa), interpret the 
resulting ^number correctly, and make the proper match between the 

.beaker solutions and the samples tasted. At tne end of the exercise, 
the instructor states that thWnumber obtained by divjding the mass 

s of; salt' b,y the volume of v^t!er is called the concentration of the 
solution. ~<N; ■ < j 

In this- example^ the laboratory setting -has allowed the staff to intro- 
duce the concept of solution concentration by providing a* situation 
in which, the concept is created out of necessity. Only after this 
experience is the concept nam^d. This procedure is'* typical of the 
way new concepts. ar6 introduced in our curriculum. $ 

2. RISE Project ' ' m ' 

We have used the results* of the -research 'from our RISE project «to 
guide development of an instructional module on kinematics. On the 
basis of Hhe research described earlier in Section II. B. 2, for ex- 
ample, we designed an instructional demonstration to* confront the 
confusion of velocity and acceleration and to help the„ student con- 
nect these concepts* to actual motions. \ 

In the demonstration illustrated in Figure 7, the students are shown 
two identical steel balls rolling on tracks placed side by side." Each 
track consists of a level section follpwecl by *a downward- sloping 
section. The sloping settionsT start at^the same place and are identi- 
cally* inclined. Bah A , rolls on- a wider track and thus has a smaller 
acceleration on the incline. The two balls begin to move at? the same 
time, but ball A starts out behind ball B v with a greater initial >veloc- 
ity. The. two balls reach the ends of the level sections at the same 
moment. Ball A will, of cour*se, move out ahead of ball B as it begins 
to rolt down the incline. -Although both balls accelerate on the incline, 
ball B has the larger acceleration. When ball B attains the same 
velocity as* ball A, it is still, behind ball A. For a short time, the 
% separation between the balls remains almost constant, indicating that 
the balls have the same^ velocity. Thereafter, ball B begins to close 
the gap, but the track ends before bail B overtakes** ball A. The two 
motions are Hlustrated in the graphs jn Figures 8: and 9, neither of 
which- is used in the interviews. - 




^ . Fig. 7. Instructional - Demonstration . Motion is from left 
to right*: Successive positions are shown'as they would 
appear in a strobe light photograph. Solid circles indi- 
cate corresponding positions of balls at equHJptime . inter- 
vals. , Balls have the same velocity* at the last positions 
shown on the inclines. 




TIME ■ 

Fig. 8. 'Position!- time graph of 
motion in InstructionaLDemon; 
stration. Both Balls begin^to 
accelerate at thej[same time* when 
they are side by* side at the top' 
of the incline. 




TIME 

Fig. 9. fc Velocity-time graph of 
motion in Instructional Demon- 
stration. 1 Ball A has a larger 
initial velocity but a smaller 
acceleration than ball B. 
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The motions are run together and the students asked': "How do the 
accelerations compare? 11 A correct comparison can be*made by reason- 
ing as follows: At the jnstant both" balls are at the beginning of ttie 
inclined track, ball* A's velocity 'is larger than ball B's, But laf%r 
they have the sajfne velocity. Thus, ball B changes velocity more-in 
the same time and has a larger acceleration. ^ 

Many students, however, respond that -the two baljs have the same 
acceleration. In the ensuing discussion, they usually fnake reference * 
to the short time when there is a constant separation between -the 
balls as they move down the tracks. These students use an obser- 
vation that indicates the bq\\s have the same velocity to justify their 
claim that the balls have the same acceleration. The "demonstration - 
thus provides a situation in which a ^confusion between the concepts 
of velocity and acceleration becomes? evident and can be directly 
addressed. ' * * 

The dialogue between instructor and students initially focuses on the 
concept of instantaneous velocity and then continues with a discus- 
sion of the definition of • acceleration . The instructor directs the 
students' attention to tH*e need to consider* the instantaneous veloci- 
ties of the baHS iat two different kistants in order to compare their 
accelerations. The students examViej the 1 changes in velocities for 
each ''ball and the time intervals required for these ghanges. 7hey 
then compare the* ratios of (Au/At) for the balls andfdetermine which 
has. the larger acceleration. The discussion provoked by this demon- 
stration provides the instructor* 1 with the. opportunity ^to confront the^ 
confusion between velocity and acceleration directly and to help the 
students separate these concepts. 

As a result of the type of instruction illustrated by this demonstra- 
tion, the students in the EOP physics course achieved a qualitative 
understanding of acceleration as a ratio that matched the under- 
standing acquired by students taking calculus-based physics. About 
20 percent of" the ^calculus physics class could perform satisfactorily 
on Acceleration Comparison Task ^ before instruction, while 40 per- 
cent succeeded on a post-test. From none being successful on a pre- 
test, the EOP stlidents' also progressed to 40 percent post-test sue- * 
cess. Such an improvement did not occur among students enrolled in 
any of the standard lecture courses included in o our study. 

3 . Pre-College Teacher Development in Science Project 
•With assistance from the. National Science Foundation, inservice 
, teacher education has been a continuing ^activity ' in the Physics. 
^Department for many years. Currently through a Pre-College Teacher 
Development in Science* grant, ^he Physics Education Group offers 
workshops, to teachers twice a. week after school. Ther^.has been a— , 
mutually enriching ihteraction betweerj our teacher educatiph activi- 
ties and research and curriculum development under our RISE and 
DISE grants. By 'including teachers in our studies of conceptual 
understanding, we have increased .our data base and made possible 
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greater generalization^ of our findings. We have found that curricu- 
lum developed for the EOP students* has been very effective with 
teachers. In, turn, -materials originally designed for use in the in- 
jservice worksho ps havp.^w&pked^-w e I J with the E OP~s-ta cfett ts^a n d "have" 
,been incorporated in the modules being produced under our "OtSE 
grants , ' . 

1 1 \: . Conclusion 

It has been our experience that .the 'research, curriculum develop- 
ment, and instructional components of our program continually 
reinforc'e one another.' Figure 10 shows the interaction of these 
components. The continuous 'involvement with students in the class- 
room has proved fruitful in suggesting* further questions to be in- 
vestigated systematically th rough 1 our research. We feel that the 
process . of immediately, using -and revising curriculum as it is devel- 
oped .increases the livelihood of producing materials responsive to 
student needs. The^ instructional prog-ram^ thus provides a setting 
tftat allows for 'the constant* re-examination of the results of research 
and curriculum -development. It is our belief that a comprehensive 
program involving research, curriculum development, ^ahd instruc- 
tional components is an effective approach to improving * science 
instruction. 
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t ^ 9 

When the opportunity to develop, an entirely new science curriculum 
, for early adolescents became a reality to some, of us at the Biological 
Scienoes Curriculum Study Company (BSCS) in 1971, we immediately 
thought, of all of the research - opportunities that such <a project could 
provide*. The tlimate of that *d$y, .however, did not enatole us to do 
9 anything, about ^research /'By 1973,, as \ve began field testing the first 
year of a 3-year interdisciplinary science program^ the' prospect oV 
gathering data for longitudinal studies became compelling. 1 

This program*, named the Human Sciences 'Program in 1972, was 
.funded by' a grant from the National Science Foundation (NSF). We- 
planned. a formative evaluation dfesign for. the prQgram. But, from the 
start,- the/project staff was k confronted with the usual tug-'of-war for 
allocation of resources between producing curriculum » materials and . 
providing the appropriate meags for evaluating the materials. \ 
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Then President Nixon came to .our rescue and solved our problem. 
He cut all NSF projects by* 50 percent as we"began field testing jn 
the^ fall of 1973. We allocated most of our' resources t o the develop- 
ment task for the~secondr year materials. 

We implemented parts of ou& evaluation plafc by organizing our data 
management system so that data already being . collected could be 
saved and utilized for analysis in the future. A & 

In the spring of 1974 *our group of scientists and teachers/writers- 
presented strong arguments to us to capitalize on the 3-year field 
test opportunity and to gather additional data, if we could, before 
the end of the first year of field testing. 

I am presenting this . background of the current project to convey^ to 
you the strong feelings of scientists, seiericfe educators, and teachers 
of the value—indeedy the obligation--of people forking in the schools 
and gathering daj:a Ifrom teachers and students to make optimal use 
of that opportunity, « 

A second set oT^vents in the pnid-l970s convinced'us of the need to 
couple research with development and also to incorporate summative 
evaluation with formative evaluation when a curriculum is* innovative. 
The fen: A Cour.se of £tudy (MA'COS) controversy showed the in- 
adequacy of formative evaluation. CWtics of -anything nev*immediately 
find' the*old materials suddenly blessed with new -virtues. The old 
materials that were the source of the criticism that led to support 
for new curriculum development evolve into ' materials that sre thje 
"disciplines" that teach the j "basics . il The innovative materials must' 
suddenly* have -new virtues/ tPi?y must teach everything the in-place 
materials do—at a higher level )?jof course—and then prove that -they 
do their own thing effectively. This demand cinnpt be resolved with 
data from formative evaluation, lit requires careful formative and 
summative evaluation >• and - it ^usually .requires coupled 'research 
studies. ** * 

• * * • * 
This three-pronged 'approach is essential for sny innovative materials 

development, project, but it i$ even* nrtore critical for materials that 

contain drastically different approaches to disciplines, the laboratory, 

the way students work with/the ^terials, and to teaching strategies. 

* It is especially critical if you #ant^tlie materials to .be ''published . To 
make certain we all underf and^'at J % mean;. I'll share with you a 
definition of "innovative" th& a science e.ditor of a major 'publishing 
company gav.e' at a conference several years ago.^ He s*aid .an . innova- 
tive curriculum -is one that,*avhen- picked up and scanned rapidly by^ 
a prospective\us^r, could not be immediately used . 

The 'formative 'evaluation of Hu$an Sciences provided* uniq.ue oppor- 
tunities for^data gathering that*£ould- be ' ysed in pne framework' for 
/evaluation and in anotJ#r for research.* For example, data gathered 

* over\a 3^y^r'perfod were cod^d by the individual student, teacher,, 



and school, but .the students being taught by one teather were the 
unit of study. In this way we minimized cost by cleaning up the 

t each ejL_and__SCtuaaJ COdaS., and maHp nnr . rn^ nntP.r...T.im<; — a«4,_Q4k^P- 

data* analyses without the data cleanup required, when the student is 
the unit of analysis. The long-range potential to use the student as 
the "unit of analysis in future research was delayed, but not lost, 
and resources needed for formative evaluation were used for that 
purpose. 

My current project, "Logical Competencies and Activity Selection: Pat- 
terns in Early .Adolescents: A Longitudinal Study" (SED 79-19312), 
was designed 4:q .prepare Human -Science^ evaluation data gathered 
between* September 1973 and June 1977 as a data base for. research 
and to conduct "two small 'studies to show the potential of the data 
base for further research. The major part of the project is the prep- 
aration of a codebook and a machine-readable* user's guide, and the 
completion and' verification of the SPSS archive fiW of the data. To 
understand the data base you need to know a bit more about the 
Human Sciences Program" as a unique |cience curriculum resource for 
future research studies in science. My argument has support from 
studies of class size such as those done by Glass and Smith (1979). 
They found that many studies' attempting to find effects of class size 
on achievement 'found no differences. These studies on class size 
generally dichotomized trie variable as greater than, versus less 
than, 30, but mean "Isrge" classes, were iR 'the low^Os and mean, 
"small 11 classes were in the hfgh 20s.. It is ri£t surprising that class N 
size on^his basis % makes "no -difference in achievement. When they 
compared class sizes of less than 15 with classes over 30, they found 
increased achievement with "small" class size. I think we have similar 
problems with curriculum comparisons. Uniquely innovative curricula 
like Human Scierices may be of critical value in studies of science 
-teaching and learning because ,they present larg^ differences from 
.extant curricula. There are many innovative curricula in mathematics 
■^and science produced .in' the 196G)s and 1970s that might be re* 
examined for their research. optentiV 



4 * «H» 

Jhe Human Sciences Program was designed to meetotie needs, under- 
lying concerns, and developmental tasks *of eafly^d'olescents . In 
developing the curriculum framework 1 , we had the opportunity to 
develop an entirely new approach to science->instruction , not merely 
to revise existing curricula. We djd this by asking the question/ 
"How can the, science disciplines^contribute 'to personal, social, and 
cognitive development of early adolescents? 11 nQt th<e usual curriculum* 
desfgn question, "How can we simplify th£ sciences for this student 
group?" 



Seven field test s\tk& in seven states were selected for field testing. 
Five of the sites were middle schools (grades 1 6-8), -and two were 
elementary Schools (grades v K-6). Students frpm trie elementary, 
schools transferred to junior high schools for grades 7 and 8 and 
continued in Human Sciences test .classes aU these sites. Twenty-one 
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6th-grade classes, three at each site, were included in the initial 
.testing. It was anticipated that at least one test class would bejn- 

"" elu d e d at each 1 sua aurin y tHe'Sth-'Qffi^re^^ a l l o wed- 

to transfer from test classes to regular science classes at any time 
during the test period. Schools agreed to* provide as many test 
classes in the second and third year of testing as were needed to 
accommodate students wishing to continue Jn Human Sciences. 

The Human Sciences Program divided each schoof year into sections 
of from 6 to 9 weeks, during* which a particular material (module) 
was providecf. The term module was selected to. differentiate these 
materials from resource units and text units*. Each mod u teuton tained 
everything needed for two cl^ss groups of 30 students V ach day. 
When I say "everything needed," I include, all unique materials, but 
leave out ordinary laboratory equipment. Experimental modules did 
include library resources where appropriate. 

A key Characteristic of the program was the provision for a bounded 
* free-choice environment for students. By "bounded" I mean- that stu-* 
dents were asked to stay within the boundaries of the module and 
activity design of the program and to remain essentially within^the 
activities or activity ex-tension^ ^provided in each module. -Each module 
contained from' 30 ( to over 50 individual activities. Each activity coq- 
sisteci of several pages of Rrinted material plus ,3)1 of th£ equipment, 
^supplies, and othef materials needed .to* conduct^ the activity success- 
fully. .There were mdre activities in each moduli than 'any single 
student could complete within the allotted time period. No -activities 
were prescribed. • - 

* • • * 

Students- had choices of th% actfvities they w<?uld do. In some 
instances the opportunity was pVovided for students to.' devise th^ir 
oCvn activities. The 'choice of activities made it possible to include^ 
many that would not be considered feasjble in classes where every 
♦student is reqyired to do* every laboratory or other, kind of activity. 
Not only could students choose their, activities but they could also 
choose, Whether they wished to-work ajone, with a partner, or with 
several -j|tudents. This; then, is^what 'tjSnfieant by a '"bounded, free- 
choice environment." Svery activity in every module vtfts designed 
to have educational value for some students. Choice was not from the 
whole world but * from the activities in a particular module .and 
usually only from a segment of a module at any one time. 'Each rndtJ- 
% ule was designed around a * particular thejne. Subdivisions within 
modu^s (problem areas- .or clusters) provided internal organization 
for closely^ related activities. 

Part of our formative ^evaluation was concerned . with student, choice 
■ of activities The activity choices of .each student in ,test classes 
' were gathered, a9 were, achievement data and other data specific to 
each module* .At the. 'end of* the first year of testing, 'an attitude, 
scale and a test of logical thinking were given to students in, test 
classes. An* attitude measure ^and a revision of .the logic^est were 
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administered to . test clas's students at the end of the third year of 
testing. Data for all students (about 800) who were in tes t ^c las^es 
ai any lime during the 3-year field test Were- buiJt into an SPSS' 
system file as they were gathered. Some 240 students were in field 
test classes for the full 3 years. 

Field testing of the first year, designated Level I, was conducted in 
seven* schools geographically distributed in different parts of the 
UniteO States. Schools "Were selected for geographic location, school 
organization, distribution of student characteristics, and willingness 
pf the school district administrators and paVefits to make a commit- 
ment'to participate ih' the 3-year field test -program . 

When the data base is complete, it will contain some 800 cas.es with 
about 1, 000 variables. New data are being added to the data base by 
the complete recoding of some^critical variables such as scores of the 
first logic test. This will make it possible to ask research questions 
aboflt changes in logical competencies of students over a 2-year 
period. 

A coding system for the activities- students chose is being developed 
lo code each of the approximately 550 activities tested during the 
3-.year evaluation period. Activities are being coded on four char-- 
acteristics or descripta: activity approach, type of knowledge, dis- 
cipline, source 'of the knowledge,* and "what students do when they 
study the activity. An activity file is being prepared as a separate 
SPSS system file. 

The user's guide is being prepared to be transferable frorrv one 
computer system to another.' It is being prepared using guidelines 
and suggestions of Robbin/ (1974-75) and Roistacher (1979). The 
user's guide will document the selection of test sites and other infor- 
mation about the source and conditions, under which the. data were 
gathered. The codebQok will provide SPSS variable names, variable 
labels, fvalue names, value Labels, and frequency distributions of all 
variables. Trie SPSS' data file \vill be available on tape. The user's 
guide and code£ook will be available on tape, as hard copy, orYnay 
be transferred to word processors with communications capabilities . 

Most research in science ^education is conducted by investigators 
gathering their own data, albeit with' a small group of subjects. Mare 
recently, Glass -(1978) has advocated the u£e of meta-analysis '.to 
combine data from many published studies as a u'seful research tool. 
He domonstrated the usefulness- o.f meta-analy^is'in research on psy- 
chotherapy (Glass and Smith, ^976) and^the relationship of class sige 
to achievement. Other* researchers, have utilized meta-analysis pro- 
cedures advantageously since Glass's procedures were published . 

Publishecf summary statistics .have limitations that also become limita- 
tions rn, meta-analysis procedures. Natural arjd sociaf sGfences 
researchers have long accumulated data, stored these on computer 




tapes, and made them available to the research* community." Data 
topes mode avail a bl e — by government, a gencies — &uok-«a>s the Census 
■Bureau have been used extensively as data sources for research. 
The costs of securing valid data are increasing and more attention 
needs to be given to oata tfocumentation , data ^sharing, apd the^mul- 
tiple use of .such a resource. Yet, this kind of resource is not 
readily available for science education research. 

Data files must be transferable to % a variety of computer systems..* 
Transferability can be ensured if th£ preparation of the data systems 
is planned and executed with transfer as a goal. Without such care 
in preparation, data systems will not be usable" if prepared on one 
hardvvare system, for example, an *l BJVI system, for -use'on another 
system such^s Uhivac or CDC. v 1 { *** 

Documentation is a major consideration for- the preparation - of data" 
files, * codebooks, arid user's guides. Currently, there are few 
resources to guide those desiring to prepare such materials. The 
existing resources and others ar'e being 'adapted in the current proj- 
ect to prepare the data tape, codebook, and user's guide as* a model 
for the generation of similar data base^ by oUier researchers in sci- 
ence education. This example and- a description of the technical .prob- 
lems that need to Jtfe solved in the preparation of transferable data 
systems are now being completed. Finally, requirements for effective, 
dissemination and aids for potential users of data Systems wilJ be 
prepared. 

What are potential payoffs from attending more carefully 'td inferac- 
tidns among development^ evaluation, and research?. J^n the formative 
.evaluation, of Human Sciences we found .an interesting outcome. At 
the completion of the testing of one module with a group of 8th 
graders, we administered a science questionnaire that inducted a 
semantic differential with 18 bipolar adjectives. Conceptually, we 
postulated' that there would be four dimensions or subscales within 
the instrument, since we had tested this instrument with students in 
previous situations, both in Human Sqiences^; and regular science 
clashes, we had a good^ idea that, the conceptual structure^would 
hold, which it did. Students 'were asked to mark two semantic dif- 
ferentials, one to* represent their feelings about each of two courses: 
first, the Human Sciences module whjch they were just completing; 
and second, their science course prior to studying the module. That 
was the course they had stutiied fronf September until the first week 
hV. April, of the. same school year, 1976-77. The bipolar adjectives 
w.epe scored on a scal^ frt)m 1 to 7 with 1^for the value nearest the 
negative adjective artd 7" for the value nearest the positive adjective. 

Table 1 shows a comparison of the mean scores of the students' atti- 
tudes toward Human Sciences, in this case an 8th-grade module, *and 
toward previous" 8th/grade science,' *on the "four subscales: T-tests 
show significant differences between student * responses to Human 
Sciences and to 8th-grade science on each of the fogr subscales. 



•The magnitude' of" the differences between '$tudsnt.ajttitud^§ toward 
th e- two courses io -oppef^nV^nHroth - the v a lue s-mi d in Ldl L ulflfifliis 
pf "effQctt Size. "Activity" shows 'a large effect size e£ .ISfy^Eval- 
Uatfon" and "Interest" show effect' size^of^72; anci "-Value," an 
etfect ,s\ie of .36. . ' * .a & 
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Further examination of student responses to the semantic differential 
attitude scale shows- significant differences between the way boys 
and girls responded* to thef' instrument. In Figure 1 you will notice 
that on each of the four subscales -girls 'and boys differ. On the 
'■Evaluation" scale, we see that git%were significantly more positive 
toward Human Sciences than ftere boys, though both were highly^ 
positive. Conversely, girls were less positive about their regular 
science course than the bbys were. This same pattern repeats 'itself 
across the /(Jour subscales/ "But on the ''Interest" subscale (see Fig- 
ure 2) ' we have significant differences for both courses. You will 
also note that on the "Activity" and "Interest" subscales, the atti- 
tudes of students were essentially neutral toward'the regular science 
course*. These findings replicate attitude findings reported previ- 
ously (Robinson, T980) on a different 8th-grade populatioh that had 
completed three years of testing the. -experimental Human Sciences 
Program, exclusive of this particular module. • • % 
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Figure .1. A comparison of mean scores of 
boys and girls on three attitude 
subscalesJN=268) 

Note. The horizontal line! is the neutral 
mean score on the subscales< 
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-igure 2. A comparison df mean scores of 
boys and girls on the Interest 
attitude subscales. (IM=268) 

Note. The horizontal line is the neutral 
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These findings suggest' research questions, some of which can be 
explored using t:he data base bei<ng prepared as a part of the 
"logical competencies" projectf We can ask about the relationships of 
attitudes to types of activities selected, \o other student characteris- 
tics, or to achievement. We can initiate studies to- determine, *by 
means *of class observations, the relationship; of what students do in 
classes to their attitudes. We can .determine whether the above, out- 
come is re^licable by others not connected with the .project. 

The unique characteristic of Kuman Sciences makes it a valuable 
research, tool. This j curriculum £nd others have been developed over 
the past two decades. The have not ^ost their value as research 
'tools, whether, or not they survive in the marketplace. More impor- 
tantly, we should l^arn from the examples I have cited that there is 
an important and necessary interaction among development, evalu- 
ation, and research. We should take every opportunity, to utilize 
these interactions. When the next round of curriculum development 
begins, we should be more knowledgeable about how to do it. fhe 
intuition of creative scientists and science educators desiring to irn-. 
prove instruction Was a sufficient condition for curriculum develop- 
ment the past. If we couple development wfth reseaVch, that e con- 
dition becomes neclessary but not sufficient. Intuitive curriculum 
development will be surpassed by development "^based on knowledge 
that most scientists ] and science educators do not now possess. 
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PROJECTS THAT INTEGRATE SCIENCE EDUCATION RESEARCH 
■ AND DEVELOPMENT: BENEFITS OF INTERACTIONS 'AND ■ . 

» * COSTS OF-MISSED OPPORTUN ITJ ES • ' . 

1 

t ' ; Mary Budd Rowe 

' University of Florida 
Gainesville, f\lorida/32607 # ' ■ . 

| . * ■ / 

.When Dr. Mar^ Budd Rolve was on 'the 'faculty of Teach- 

~ ers College, Columbia University, she began 'her research 
m on a teaching variable, "wait-time^ 1 research that' has 

. brought her awards and recognition for .significant find- % 

ings in the £ield of sci'fence education . % Her most recertt 
..award, the Robert Carltorf Award of the National Science 4 
^ Teachers; Association (198,1) also mentions "her outstand- - 
ing leaderships in putting research into practice at all 
levels of science teaching, " a factor which maj<es her 
uniquely able to speak to her present topic. Dr. Rowe 
is currently Professor of Subject Specialization Teacher 
Education at the University of ^Florida, Gainesville, but ' 
from 197# to 1980 she served^as Program Director of the 4 
Research in Science Education Program of ' the SEDR- 
Division * of. NSF. .She was 'awarded her Ph.D. in Science 

t Education at Stanford University, and was a Post Doc- 

r toral Fellov^at botji Stanford and New # York University. 
She \&*the author of several bookstand man^ journal 
publications, and is also a frequ^htlt s<?ught consultant 

**• on science education. 

Science i s th e— eerrtraj— err te rprj^s-e- of the £pth f c e ntury . Sti!!, virt u a ll y 
anywhere in*thq world '\hat ypu might stop tp inquire", science means 
ajmost nothing: to.th^ man oh the street. ,Yet its impact on him is 
growing. While, development of new >scien.ce and technology programs 
at all' (evels-'ife goihg on at a- pnoderately low level, until recently 
there -was no research agenda* 'to- . help us find out what we must do 
to make. science and technology more learnable apd more useful to 
people generally. , Th£ lag£, of a research agenda is 'akin to taking 
pot t shots at .the moon in & o space $ -progt^am^^k4 r v-vvdS"™n on*4pUt-and 
error instead. of research. We seem to know enough not to do that 
.in space science*. We gught to know enough to mount a^good research 
program in science education. 

Decisions as ]mp9rtant as those man'kind must make today* are never 
simple^ ,£ach c>ne has 'enormous ramificatipns* all of which must be 
reasoned through *and evaluated * against the social , fabric of our 
tjmes--and jn the \\gh\ of our imaginings about the kind of future we 
want* for ourselves and^ for our children. One thing seems clear: the 
decisions' we make^ now "help to shape the kind of future we will hav6. 



We have some 'research on learning science jjnder way now and some 
which is compjeted that should be useful in program design. The 
problem'is to get it put into use. 

Very few major decisions are simple. Instead, they usually set erf f a 
chain of event's, each of which must be evaluated to determine' -kts 
effects. For instance, if you find ways to , improve the general 
health of a population, you increase its life span. Out of some 
apparently simple decisions, such as "to make a new t^ind of hybrid 
rice or corn available to some region and to provide a few medical 
services, can come just a small change in the level of .health and 
fertility that eventually thrusts new problems on a people'. More 
people survive longer. That means .you must develop correspond- 
ingly larger systems for supplying foodr ' removing wastes*, and 
delivering education. Living space must be v reevaluated, as» must the 
conditions for- housing. The nature of health care changes, partic- 
ularly as the population of older pfeople increases. The kinds of ill- 
nesses that develop tend to be long-term rather than short-term; ^ as 
a result, the hospital 'facilities must be altered. The number of in- 
dividuals 'carrying defective' genetic information who live to repro- 
duce increases, and so eventually tine frequency of defective genes 
in the population at large increased That 4 can mean that a whole 
chemical industry must be developed to supply the chemicals Which 
defective human systems fail to manufacture. Of course, political 
and economic changes will aJso occur in the society, bringing new 
questions to the forefront. In the face of all this complexity, it is 
easy to feel defeated--to give up or to give over our lives to the 
care of «a special elite. A democracy *that made such a decision would 
soon 'descend to some form of dictatorship. Instead we must choose 
to find increasingly effective means for helping^ a broad array of 
citizens to grasp major ideas related to science and technology and 
to put them to use in their personal lives as well as in their political. 
and eco nomi c decisionmaking (see Figure 1). ■ . 



The interface between knowledge and its application is not well 
>und.erstood. There is yet no science of application. At the stage 
where men could put knowledge to use--tbat is, at the interfaces 
between science and society--each system falls apart or, rather, 
proves inadequate ~ Because we understand too little of the. forces 
acting" across that interface and even, less about how to marshal the 
energy of the various sociopolitical and educational systems to take 
proper advantage of technical knowledge, we accumulate knowledge 
but fail to put it to use. * Some other countries are putting our 
knowledge to use more effectively than we are. Education sefcms to 
be the only major professional enterprise where the ultimate users 
are expected to take the research'-and to* engineer products and 
processes themselves. The users arfc supposed to do their own engi- 
neering. That rarely works, either in education or in business, or 
in medicine. * • , 
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. figure 1 

The Science Needs of Each; of These Groups 
Are Somewhat Different 



SCIENCE FOR 
PROFESSIONAL SCIENTISTS, 
TECHNOLOGISTS, AND 
PEOPLE WITH SPECIFIC 
NEEDS (e.g., ARCHITECTS, * 
LEGISLATORS, MEDICAL 
STAFF) 



SCIENCE FOR 
TRANSMITTERS OF 
SCfENTIFIC KNOWLEDGE 
(e.g., TEACHERS,^ 
WRITERS, ' • 
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There was one brief exception to this situation* During the six-ties 
the National Science Foundation supported curriculum development 
and teacher education in the sciences at all levels of the, formal edu- 
cational system. It did not support, however, a concurrent research 
Enterprise.- Most of the curriculum efforts and the dissemination pro-' 
grams of that era proceeded unencumbered by'mor^ than cursory 
attention to anything -that might remotely be identified as a research 
perspective. What research was done had to be conducted sub rosa, 
on the side, so to speak. There was among the ipebple .doing curricu- 
lar work great enthusiasm, somewhat evangelistic in nature—full of 
good will, but, course development and inservice programs were only 
peripherally* informed by research or accompanied by research. The 
'postiSputnik era in science education had great promrse.* I believe 
its potential was not 'fully realised for lack of a parallel research 
program.* What was missing ,was a belief in the utility of research 
among ^developers and trainers. There was,- to be sure, some limited 
attempt to evaluate ^program and gather data on -student performance. 
This effort was small, unenthusiastically pursued, and often dis- 
counted when it produced results developers did not like. * 

We are still paying for the lack .of a research, program in thaj era/ 
For example, in the' curriculum era of the sixties^one very important 
'frequently repeated and remarkable -finding was. ignored, in some 
castas* suppressed, namely,! 1 ' that among elementary school children,, 
the poor benefited greatly from the new programs.* Nothing else has 
yielded such advances. Gains for middle-cjass youngsters, however, 
were far less substantial. Very little attention , went to the* study of 
the ^impact such programs' had on different kinds of students with a 
view to improving their effectiveness f<5r different user groups. 

"Similarly, at\he'high schoof level, a • concurrent research program 
might have- alerted us much earlier to t£ie fact that the physical, 
science/physics was- reaching only a - smafT percentage of stuflents-- 
and possibly actually depressing the long-term potentiator learnings 
gjjysical .science ideas. - * s . 

To take still another example, argument between^ scientists and 
engineers about what would be of most ^ worth could have been 
addressed with research instead of rhetoNc. We are still living 
today with problems the^ large-scale cijrricular and instructional 
efforts of the sixties^were meant to'cure. Physical science concepts 
are still something \ye do not, know how to transnVit effectively. The 
problem extends from the elementary ^school througjy to* the univer- 
sity—consider the so-called killer courses, ,e,g. , * freshman, physics 
and chemistry as viewed by medical Students, or thermodynamics as 
seen through the eyes of engineering students. Would our .situation 
be as 'bad as it is 'today if there had been a l concurrent research, 
program? I doabt it. The currrculum efforts created a natural set- 
ting for research. The* research*, in- turn, would .have "had conse- 
quence for redesign and for better human engineering^" Such needed' 
research has been" begun in the RISE/ -prog ram' on a, small scale. It 
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needs support and collaboration between, researchers and developers ? 
(t)n occasion, a researcher* moves into development an'd.a developer 
begins relevant research. We wduld expect to see more- of that Fn 

• the future.)- * 

^So here we all are today in a situation -analogous -to the arje we faced 
in the post-Sputnik era. Education in the sciences at most levels of, 
SQjhooling has slipped steadily. We af^e all here b.ecause we have an 
interest in the problem and a belief that we can .contribute to a solu- 
tion. We Could do as we did then : -flUsh another," load of good stuff 
through the educational system and hope for the best whil t e we 
' argue. But we can ho longer do that with a clear conscience--and 
neither can we repeat earlier ways blindly. We Know better. In the* 
long run, research properly joined to development saves money and 
time. Some of tfiat research already exists, and the problem is to in- 

, Corporate it in the development/design process. I? development , and 
trials of new science and mathematical* materials -and procedures go • 
forward coupled wi^i a research perspective, we will gradually learn v 
how to do this 'job of effectively* educating more people in the sci- 
ences and technology. The education directorate oX'NSF- has taken 
first* steps to help this process/ This meetmg*'and \others which it 
•has held in the past 2 years are" examples; the .emphasis 'is on cross- 
fertilization of idea's between developers and researchers. The SEDR 

9 group has published abstract^ of grants; the ^ prog ram officers f>ut 
people in touch with each other where it seems* appropriate. I have 
been impressed by, the predominantly inquiry stance of the partici- 

' pants. . <> 

« » 
There is -much that goes 'on in, modern science which is counter- 
intuitive. For children ' and adults to develop some science and 
technology understanding there has to be a break from past experi- 
ence-^ kind of distancing of experience. But past experience is % 
.very % compelljng^-so in some sense one has to learn to operate at 
certain stages inj a 'nonintuitive mode with respect to. the concepts 
.one seems to develop "naturally." Those who practice science as a* 
profession understand those mental transitions--but for many people . 
•they create permanent barriers. Recently, we have begun £6 study 
the process by which the transistion from one way of looking at. 

, things" to another" can be brought about. The research on .learning 

, science suggests that -thtre are many things in effective ^ science 
instruction and in effective curricute which* at first glance are also 

- counter-intuitive. ""For * example, teachers tend to t give studepts an 
average of dinly 1 second to begin ' answers to questions. If they 1 
change that average^ timer to 3 seconds or longer there are 'dramatic 
improvements in the 'extent and qu^Jity'of student scifence reasoning'.-/ 

* The trouble is that* waiting 3 sepontis .seems Ijke an eternjty--it 
doesn't seem natural- We have- -been immersed in the educational poof 
for so long we 'think we know how to swim. In fact, we have been 
letting a lot of people drown ' betause we* have not -understood the 
nature of the problem we are confronting on its -complexity .' 0 v 
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I believe that the limited research effort begun in the RISE program 
needs Xo be expanded: Research utilization requires 'special engi- 
neering. Just as in indgstry the research^development/utilizatton 
interfaces must be planned for-;-so should they be in science edi^ca- 
tio*ri. If Xhey are not, our educational, was^e factor is goi^g to rise 
to an intolerable level. Science education is not taking well in our 
country 'at this point in time. We\ought-to learn how *o cope with 
the rejection process. Consider just a few problems which are still 
unsolved . • ° 

1. Physical science concepts seem to be particularly difficult- to 

, implant^ Since .they underlie so many technological and energy-, 
related 'decisions, we peed better understanding 6f the immune ^ 
reaction . ' ♦ . 

2. The effective join-up of mathematics with \science still escapes 
us. To put it succincth/, why. is it that .after many years of matt^ 
training, students so often seem to have trouble in applying it in 
science? 

& 3.- We have a growing cadre of older working engfneers and sc^ien- 
"tists who need to update, br often -to acquire new knowledge in 
.another field of science or engineering, as part of .their .work: Over 
200,000 engaged in som£ kind-jof formal inservice training last year.. 
What do we need to know abbut the older "expert" learner's problems 
dn order to m^ke the instruction efficient and effective? It seems 
Alear ttvat r their situation cfoes hot correspond dTrectly. to that of the 
.novice just entering that content area (e.g., a college junior ^taking 
vector anaJysis for the first time). > • ✓ 

'4. In what way can new technologies be used to help develop apti- 
tude jn: mathematics and science? For example, with the multilevel 
management, systems which*. are 'potentially available with some com- 
puters, ' we cpujd present *some of the large service courses, e.g^ 

•physics and chemistry and .calculus with different dosages of appli- 
cations problems- dj~awn from the prospective career specialties of the, 
students. No 'single professor has that kind of flexibility or breadth 
of knowledge.- Would .student survival rates increase? 

5. What* in school settings, media event^or hobbies, can help 
develop arfd maintain attention to science and technology? * '** 

6. Perhaps, rpost "importantly, how does ojjip/fundamental ^belief in 
the future<and what vye can do .with it, our sense' of fate control, 
relate to our national investment in scre'nce education (see FitjUre 1)? 

.Fate control orientations are .a^fattor in scientific and technological 
productivity. / m * . \ % * * " w 

. 3 I ' r> 



"erics . : • • ' ■ 94 1Q 2 % 



\ 



The vigor of science and technology in. a country depends irTp'art*on 
which of two forms of fate control orientation predpmirjates . Fate 
control refers to a pattern of beliefs about the world, one's' place in 
it, and. the effect one can have** on it. Early exposure, to science 
and technology instruction, both in* ahd out of school, appears 'to 
have some consequence for the k-inckof fate control orientation that a 
person develops: To characterize the contrasting f^te-pontrol orien- 
tations, one might be -called the "gambleris view" and the other be 
described as* the "bowler's ^outlook." Low fate control people', (the 
gambler view) -think of the world as a great big game of chance in' 
^which they are at- the mercy- of powerful 'forces beyond influence. 
Low fate control people consider life to be full of unpredictable 
events and petiple. How things turn out is a matter of luck, some- 
times good and sometimes bad (Figure 2). When Jaced With difficul- 
ties, they y exhibit low task persistence. For them," long*term 
planning and . go$l-setting seem useless.- . In an essentially whimsical 
worjd^.'planning and' the evaluation of consequences that might follow 
from various possibfe decisions makes little sense. .For this reason, 
low fate oontrql people tend to be*, now-oriented,' fbcused* on quick 
results* t^at require little personal investment. 

Thje alternative world .view, high fate control,, rests on the .belief 
that how, things turn out h at least partly related" to' the way one. 
plans? act^ and . evaluates consequences/ High fate control people 
are more likely to think that 'events and processes are related to 
each other In patterns that can be -put to use. They . are more 
active^ therefore, irr seeking information when confronted by prob- 
lems* than are their low fate control brethern. In, contrast to l£>w 
fate, control c people, -hjgh fate control individuals believe ..that 0 how 
they do things 'makes -a difference in the kinds of results, they .get. 
Unlike their low. fate control counterparts, who seem t'o n^ve a kind 
of M no 'fauFy' perspective on themselves ^ high fate control people 
accept a 5 mcfeh higher level, of responsibility *and accountability for 
outcomes. • . * 

* * . • * - M t x f 

High fate control individuals differ markedly froRj low fate control 
individuals of the same aptitude t Jn how they ■ interpret the jtfortd . 
Low> fate control people act- as Jf the world ^consisted pf a collate of 
events with few connections between . them,- as though, eack event 
had sprung full-blown on the 'landscapes, of. meir lives.' But for 
high fate control people, events frave^roots an^o evolve by processes 
which one can discoverA.and sometimes change. They are. -less likely 
to give , up when f/ced wYth complex tasks or problems. 

• * •■ , . 

The proportion of each kind of fate control orientation in a sficiety 
, affects the vl%or of "science and technology growth in a country. 
Early expQSurg to science may have considerable cortsequerafce for the 
kind of 'fate control orientation which a person eventually develops. 
Generally a higf) fate control perspective is more., suitable- for science 
and technology ^ growth . The yvay in whfch -science instruction is 
carried out appears to Ue a factpr in the form of fate control per- 
spective which- finally emerges. . 



ERIC • .- * 95 



103 



Figufe 2 

Two Contrasting Fate Control 'Orientations 



FATE CONTROL 



LOW FATE CONTROL 



HIGH FATE CONTROL 



'CHANCE -CANT INFLUENCE ODDS 

NO USETO.TRY- YOU CANT MAKE 
A DIFFERENCE 

NO EVALUATION OF 
CONSEQUENCE.. 

NOW ORIENTED: HERE AND 
NOW REWARDS 



CAN INFLUENCE ODDS 

TRY THINjGS - LEARN FROM 
EXPERIENCE 

EVALUATE OUTCOMES AND 
USE INFORMATION 

FUTURE ORIENTED; DELAYED 
REWARDS OK 



LOW TASK PERSISTENCE 
SCHOOL ACHIEVEMENT LOWER 
PASSIVE 

.1. 



HIGH TASK PERSISTENCE.- 
-SCHOOL ACHIEVEMENT HIGHER 
ACTIVE ' ' ■ . 



POOR PROBLEM SOLVER . 
SUSCEPTIBLE TO INFLUENCE 



"HOW I DO THINGS MAKES NO 
DIFFERENCE IN HOW THINGS 
TURN OUT." ' 



AGGRESSIVE PROBLEM SOLVER 

'RELATIVELY RESISTANT TO 
INFLUENCE 

"HOW I DO THINGS MAKES A 
DIFFERENCE IN WHAT RESULTS 
I GET." . . 



GQAL SETTING IS IRRELEVANT 

DISPLACES RESPONSIBILITY 
OUTWARD • ' 



GOAL-SETTING IS RELEVANT 

MAY bTeXCESSIVELY SELF- 
BLAMING 



"We need research that helps us understand hovv to help students join 
together ways of ? knowing and action : 

• 1. How things work (-description) 

2. Why they probably work tha! way (explanation) 

ft. 

3. What must be done to make them happen in other 
circumstances (control) 

To t continue -around the science cycle in Figure 3 to the consequences 
and valute stifles, what must we do to help students complete a cycle- 
of science reasoning so that they will answer the questions below in 
a 'desirable manner (see. also Fi.gure 4). , 

4 - 

1. D9 I know what would happen as a result of imple-* 
menting a given set of actions? (prediction) 

2. Do I vatu£ the outcome? 

3. Do I care enough to make the effort? • 
And" so the cycle continues. s 

.The completeness with which one moves through- the cycle in differ- 
ent content areas is at least a partial determinant^ of the fate' control 
orientation which young* people will develop. * 

Social, moral,, legal, economic, and political decisions once undreamed 
of are now requfred of us by the growing capabilities that science 
gives us, to shape' our destiny. How are we to make those choices? 
Can we make 'them *in time? Clearly, the decisions are .no longer 
simply medical or scientific (figure 5). Whatever gap once existed 
between science and the body politic is gope. We need a vigorous t 
basic and applied research program in science ^education to keep us 
from falling oqt of a democratic^ state by* the turn of the century. 
To paraphrase an. ancient Chinese philosopher: 

The pheasan^ has to take 10 steps to get 3 mouthful af 
food and 100 "steps for a beakful oV water. But 'it would* 
far rather do that than- be kept in a cage, for, though 

• it might.be treated-^ like a king, it would not be happy. 

Our- task in a democracy is to teach our people how to Ilvq, outside a 
cage. That^is oqb purpose, of our .development and our research in 
sciencp education* lt\[s not to tura oyfir our lives and our futures* 
to. the exclusive control of a small elite. We need a- close union of 
research, development, and training.- ' 
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Figure 3 ' v 

A Science Knowledge, Application, Value Cycle . 
Related to Strong fate Control Development 
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ACTIONS 




• 


WHAT.DO HNFER? 




• 


WHAT MUST 1 DO ' 
WITH WHAT 4 KNOW? 
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• 


DO 1 KNOW HOW 
TO TAKE ACTION? 
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WAYS! OF KNOWING 



• WHAT DO I KNOW? 

• WHY DO I BELIEVE 
IT? , 

• WHAT IS THE 
. EVIDENCE? 



FATE 
CONTROL 
OUTLOOK 



CONSEQUENCES 



• DO I 'KNOW WHAT 
WOULD HAPPEN? 



VALUES 



• DO I CARE? 

• DO I VALUE 
THE OUTCOME? 




• , Figured - V ' 

QuestionsTEarly Adolescents Ask Most Often 

• WHAT KIND OF COUNTRY IS THIS? 
: "WHAT VALUES CONTROL ACTIVITIES? 



• .WHERE DO I FIT IN? 

> ■ * < 

• DO THEY EXPECT ME TO SUCCEED OR FAI.L? • 

• HOW- MUtH EFFORT'IS DEMANDED 6 ! F I. DO WHAT THEY 
WANT?' ' - ' 

\ ' * • • • 

• DO^HAVETHE ENERGY? Y ' 

• CAN i GET .HELP? . * 

• WHAT HAPPENS IF I DON'T .MAKE THE 'EFFORT? ' ' 

• -^HAT AM- 1 UP AGAINST? WHAT'S THE COMPETITION? 

• *ARETRfe CHANNELS OF SUCCES'S WORTH THE EFFORT? 



WHAT DIFFERENCE^WILL IT MAKE? 



y PEOPLE; 
SOCIAL AND 
ECONOMIC, 
SYSTEMS 



. C SOCIAL 
COGNITION 



Figure :5 
PATE CONTROL" 




RI$K/TOLERANCE 
FOR UNCERTAINTY 



(NATURAL 
PHENOMENA; 
PHYSICAL AND 
BIOLOGICAL 
SYSTEMS 



SCIENCE 
COGNITION 



\ PREVENTATIVE lyiEDICINE 

CONSERVATION ' 
TECHNOLOGY/GOVERNMENt 



INTRINSIC 
EFFECT 
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WHAT SCIENCE/MATH EDUCATION ^RESEARCHERS 
SAY TO THE DEVELOPMENT COMMUNITY " 



'TV . 



Ei Mc 

>Kd 



Stanford University ' . 
Stanford, California 94305 



Dr. Diane -McGuinness was r awarded a Ph.D. degree in 
Psychology at University College, London. She had ear- 
lier earned^ her. B.Sc. degree in % Psychology with First 
Class Honors from Birbeck College, University of London 7> a 

, as well I 3s the'EL A. degree in Music dnd English at Occi- 
dental College Hn Los Angeles. She is currently a Re- 
search Associate at Stanford University and a Lecturer' at 
the University of California, Santa Cruz. *Dr'. McGuinness 

' has written and spoken-extensively on sex 'differences in 
cognition and behavior and brings considerable insight to 
her subject of what researchers in science and mathe- 
matics 'say 17 to the development community. Her remarks 
are most timely-and- throw light on 'what is involved.in 
current science education practices. 

With the imminent demise of the-DISE and RISE branches of NSF a 
discussion ,of the modes of communication between these agencies now 
seems less imperative than the issue of the inability, of the* research 
and development groups to. impress upon the government and the 

^population . a,t large the overall purpose '§nd functiorf of science 
education in,, this country. ' After reading the recent NSF report 
o$ the state of science education, and in reviewing ^he variouis 
project proposals durrently funded, I di reefed 'my remarks at the 
SEDR meeting to the -larger issues of the purpose of sqjence, .the 
nature of the communicative process, and the meaning behind the 
current mandate from the peopj^e toward a back-to-bSsics . conserva- 
tism. These remarks, -set out^below, seem 'all the more relevant if 

^6EDR js ever to rise from the ashes and assume its primary fole in 
establishing Snd directing*^ policy for science education. ^ 

What is, Research? \ 

Science .is a poorly understood concept, particularly in America. 

The image of thfe scientist is one that Conjures up test tubes and 

gadgets surveyed by 3n impassionate introvert .totally removed from 

the political, cultural, or humanistic aspects- of the society at large. 

\f science education were to do one thing well, it might be to dispel 

this stereotype. ** V 

• * 

'Science means knowledge; but tnore than this, it promotes, the scien- 
tific method. vThe truth behind the" method is not that it is deductive 
or inductive' or reductive, but that it is tha only means we have of 
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sharing* experience directly. This kind of sharing, derived from 
imposing structure, attachjwg numbers, and treating reproducible 
events, allows the )numan race to proceed from fact rather than from • 
opinion. , This is not to say the method is ^infallible— but it is cer- 
tainly more nearly so than opinion, and it is all we h?ve. 

The significance of science education/ and indeed aH education, }s 
that it "allows us to be "led out" (e-ducere ) from a private worl.d of % 
subjective viewpoints, rationalizations, and * superstititions, to a 
clearer view of the, nature of reality. This reality js not only to be 
found in the' world of objects, but in the nature f of emotions, the 
decision-making process, social . organizations, and so on. Thus, .the 

•first major point is that the method of science^ not" its subject 
matter, is critical. Without a^fulj understanding of, the' implications 

•of this mode of thought, "true education is" impossible. 

Scientists do research, which simply means they s "look . again . "<» To. 
re-look allows one to cast knowledge or events into a series of dif- 
ferent 'frames or contents and to observe *the changtes that ocpur. 
By attaching numbers to the Ganges, knowledge' is made externally 
verifiable. This is the formal- process of scientific research. But 
research has two further outcomes. The furst is discovery, to Jind 
out ^wha\ one least 'feXpectfed. Discovery initially stems from ques- 
tions, that begin^ "What if?" What-if )$ . the key to the entire 
learning process, but acting .upon what-if questions /is often *the^ 
last thing a student is allowed to do. The second outcome of 
research is that as paradoxes ,are resolved, the questions/ change 
or become more precise. In. &\\ research the form of the initial 
question f$ often more important than the answer. 

Who Finds Out ? 

- • ? . ' i ■ 

The communication of research Begins when an^ event or a process 
becomes ' reliably or statistically reproducible, even though an under- 
standing- of causality may t?e imprecise or lacking. We know that* 
teaching maizes a difference in the learner, even though the exact 
nature of 'Learning may be unknown. The question for all those 
engaged in research, not only in education, becomes - one of how to 
disseminate information where it w-ill count most. A major point 
here is that while learning Should rely' on discovery, it should not 
require, that each student rediscover the wheel. New data must be 
acquired and added to the existing body of knowledge. Somehow the 
©educational process from an early age must incorporate a scientific 
mode of learning-for-oneself along with tbe more didactic mode of 
imparting existing information. 

« 

In the current state of affairs the communicative network of our 
educational system is much as depicted in the diagram in Figure 1. 
Irt this figur^ the solid lines represent the actual flow of inf6rmation. 
The direction ,of the arrows provides considerable insight- into the 
strengths and weaknesses of the system/ First, it is obvipus that 
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the maximum iriput is to the classroom teacher, but this fact, which 
coufd 'operate in beneficial ways, simultaneously illustrates' the 
teacher's powehlessness The information received by th"e # teacher 
;is ofterf in .the form of mandates and sanctions and may frequently 
f be . contradictory . But the true measure of their impotence * lies* in 
the teachers' sphere of influence: the only people^who listen to their 
\7oices are tHeir students. • ^' 

V . . . i 

Academics, on the other hand, have relative autonomy. They are 
immune from pressure from the lay culture and the direct interven- 
tion by parents, and- simultaneously immune from the knowledge that 
these populations, have to offer. Administrators, via government 
dicta, interfere only- in terms of research funding\^nd salary struc- 
ture,' and ndt inevitably. 

But what of research? Here is the backbone of our culture, the 
foundation of our future heritage. As the diagram illustrates,, 
research findings enter a closed fe£d-back loop .in which only the 
researchers themselves inform and are informed. The question mark 
indicate? a central problem which is addressed at this meeting. The 
communication process is restricted not only by specialism reflected 
in closed-circuit journals edited by. the researchers who do the 
research, but by polarized attitudes on the^ part^of the two groups. 
There is a cynicism among researchers that communicates an, ivory- 
tower, snobbery to those in the applied realm. This cynicism is 
reflected in the yiew that research data are too complex to permit 
the dissemination of information to anyone other than pne's peers. 
One must of necessity "write down" to make the results' appear more 
tangible and coherent than they really are. This same snobbery also 
invades the media when journalists or r editors assume that the lay 
population are, too unsophisticated to cope^ with anything other than 
the most sjmpLe-mtnded rdeas. * * % * 

Those in the applied realm tend to discount the efforts of research 
because it ia assumed that the researchers are too remote from the 
real world and cannot relate their ideas to real' problems. At the 
end of the line are the teachers, who, *being totally removed from any 
information of mainstream research, find their classrooms invaded by 
-£eatous developmental enthusiasts who offer a brave-new-world *tech- 
Yiology or ban^-aid science with little " regard for how the teacher is 
to cope. The situation is chronic and requires considerable rethink- 
ing for any improvement -to occur v — - - - * 

^New Lines of Communication A 

t 

In the diagram, three avenues of communication (in* dotted .lines), 
perhaps the. most crucial, ar?e currently closed. Rir*st,<it is obvious 
from the central position of the teacher that they should be a 
reliable and immensely valuable resource. To open the first avenue 
then, would a How input from^ the teacher to flow .at least as far as 
the applied arena. This would entail not only suggestions to the 
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developmental agencies of what is possible and where the constraints 
may lie, but 1 a greater awareness on the, part of developers of the 
dynamics generated by good versus poor teachers. In the" recent NSF 
'report on science ^duc*ation , it was stated that good science teachers 
were obviously to be found in the system, but that their aptitudes 
and stylefe were "too idiosyncratic" to provide a coherent model-. This 
is another way of stating that it is too bothersome or difficult to 
determine the variables that combine to produce an effective edu- 
cator.. If 'those in the applied realm don't understand these dynamics-, 
t'hen 7 there is "little that can be applied! Table-model microprocessors 
are not the solution. 

A 

The remaining -avenues 'are those that shoOld connect the people 
engdged in .basic reseaVch to outsiders. The first avenue njust extend 
to the teacher,' who, if informed of current knowledge in the fields 
of learning , problem-solving, and motivation, will be ^considerably 
more likely to f^l confident in utilizing or applying suggestions from 
those in the applied domain.' p 

Secondly, we need an informed lay population^ because it is they 
who set the trends and open* up possibilities in any democratic 
society. It has often been voiced that when communicating research 
'to outsiders the message not only becomes oversimplified but can 
.lead to misunderstanding or even havoc. In one sense this may be 
; true, but* information will leak out willy-nilly. If we^allow these leaks 
\to be transmitted by those in control of the media, this "is a consid- 
erably greater disservice than if we ourselves communicate directly 
and repeatedly. If researchers 'could be bothered to. write for the 
people, if onfy on occasion, the possibility of misinterpretations 
would be considerably lessened. After all, we educate the people; 
they should be trusted to read >and understand what we write. The 
fact that academics don't trust the judgment of the people taught by 
those they themselves have trained is really a scathing indictment 
of. our whole educational system-. 

The Conservative Mandate 

Something clearly has gone awry. It is not only that Johhny can't 
•read, but Jenny, as a college sophomore, can't spell, and Sam, as a 

senior, can't|write a grammatical sentence. - Everyorte agrees that no 
• science is possible without both literacy and numeracy. But this is 
,not tp_ say that .we cast science asTde in order to^Fearn to add and 

subtract. 

..sjhe mandate from the people is misunderstood. Science, the arts, 
%xploratio.n , the process of becoming self-awar^ are seen as frilly 
only when there are^ no skills. The*populace has seen money poured 
into education but found no return on the investment. 1 And the-, 
people are justified in tKis- grievance. If we were given a golden 
opportunity, how w^fe it 'squandered ^^apd where, and why? 



The fact that we as a nation and as educators n6ed to comprehend 
is that^ no education is" possible withoJt discipline and techniques. 
The drttf that begins at dawn on the football field produces an 
excellent athlete. But if teachers must aim only' to entertain, tKis 
puts the classroom in competition with television and film. Skills 
are not acquired in passing or by osmosis . Repetition and hard 
work are required. " 

With this realization, voiced in the dissatisfaction of^ parents and 
teacfiers aLike, science should not be seen as peripheral but* central 
to the aims, of education. The process of verification, the function 
of numbers, the need for proof, can ^follow directly and in parallel 
with the acquisition of numerical and^ logical skills. Science should 
not be seen as something tacked onto the educational process at some 
remote point, but as an ^arly and fundamental tool for learning. 

And we need research. We are at the frontier of understanding how 
children learn. We need still to discover which cognitive strategies 
exist, ancf to determine which of these strategies .lead to special 
talents. We. as researchers must • shed our reticence and begin to 
communicate, to disseminate facts to both . educators and lay, people 
alike. A classroom without information from .relevant research, with- 
out the full comprehension of the power of the scientific; method, 
results in the perpetuation of ignorance. For in this setting anyone 
can be .right, even though everyone is wrong. 
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NEW HORIZONS IN EDUCATIONAL DEVELOPMENT 

v 

♦ Jack* Lpchhead * * 
} <. University of Massachusetts 

Amherst, Massachusetts 01003 

" *■ • + 

Dr. Jack' Lochhead, Ed.D. , University of Massachusetts, * 
Amherst, is currently Assistant Dean for Basic Cognitive 
Skills Instruction there. He has served as a project 
director for a cognitive development project wfth both 
1MSF and FIPSE, always pursuing his compelling 'interest % - * 
in the techniques used in problem-solving. Dr. Lochhead 
is- the author of numerous articles and seminar presenta- 
tions. He has conducted many workshops, and* he is 
about to have his third *book published. From his re- 
marks that follow, we find thM he' is currently greatly 
involved in the task^ of* learning about "unlearning." 

The message that I* as an educational researcher would like to' bring to 
those of you--and the- half of mer-inVolved in educationafr deve/eSpment is 
'that the next decade is going to be .an 'incredibly -exciting Jime for 
development. Educational theory and practice today "are rqujghly, at the 
stage where physics was about 1915. Twenty years ago>-the prevailing 
view was that there was* nothing more to be done in educationaf theory. 
The basic mechanisms of learning, were thought to be understood, and 
the future of education lay in refining existing approaches. Curriculum 
development, was seen largely as a process of updating the knowledge 
base and clarifying the explanations. New technology could be employed 
to improve fhe presentation and to inspire the students' (or was it 
teachers'?> interest. But no fundamentally new mocte^ of learning were 
envisaged. Education was a process of passing facts ,ffom those who 
had them to those who didn't, ^and pedagogy was the art or science o{ 
packaging 'those facts. / . 

In 1900, physics underwent a revolution. The predictions of those who 
had claimed it was dead proved premature. At first, new and puzzling 
phenomena were observed. Then, entire regions /or investigation, such 
as subatomic physics, ppened up" in areas that had previously not even* 
been imagined to exist. ^The theories of relativity' and quantum mechanics 
challenged not only the basic laws of physfcs but defied common sense 
dnd fundamentally^ altered man's concept, of knowledge. It was no longer 
possible to view the scientist as Ja passive observer, for the actiohs and 
the reference' frame of flhe observer copld no longer be separated from 
the phenomena recorded. * - . 

.These theoretical breakthroughs* led to a'corpplete reconceptualization of 
science and spawned an unprecedented series of technological break- 
throughs in the 1930s, 1940s, .and 1950s.. These scientific developments' 
Wave completely reshaped our world. 



I foresee similar developments in the -next decade in education. The 
new theqries of 'cognitive science are establishing the base for revolu-- 
tionary ^ changes in educational practice. Previous bebaviorist theory 
denied us 'access to t5he % processes of thinking and learning, much as 
classical physics /denied" knowledge of 1 the- subatomic woYld. Modern, 
cognitive psychology, ,on the dther hand, is the^tool we need to change 
not just the> responses students give to our questions but, far more 
importantly, the processes they Use to generate their responses. As in 
quantum 'mechanics, there are two schools of cognitive "science. The 
computer modejing" approach seems to offer *some of the power' of 
Heisenberg's matrix algebra, while investigations using Piagetian 'clinical 
interviews develop the types of intuitive knowledge more often associated 
tfvitb Schrodinger wave mechanics. It may ' take another decade to 
reconcile these two theories, bi^t, that should not delay instructional 
developments. Failure to combine the 'Heisenberg and Schrodinger for- 
mulations certainly did not slow the application dT quantum mechanics. 

\\t is always risky, "if not imprudent, to summarize the essence of future 
breakthroughs without the .benefit of hindsight, but fet me be footish 
enough to try. # \Vhat I see as critical in the new cognitive^science is 
the recognition that knowledge is not an entity which can simply be 
transferred from those who have to those who don't. To reiterate the 
point which Ernst: Von Glasersfeld made so eloquently last night: 
Knowledge rs something which mu's,t^be co^tructe^by each individual- 
learner/ Contrary to\ the popular t#fbm,- it^is not a torch which %can 
srmply be passed from hand 'to Inan^. «This A/iew 'of knowledge an 
individual construction is inherent, in botfi . the computer • modeling and 
Piagetian perspectives and is uj^ly^ferred to as constructivism. 
[See Vorj'Glaserfeld, 1979; for a more deWted* exposition . ] - 

Fred Reif has succinctly summarised the cohstructivist view with the 
following'descriptions: * ■ • 

The process* of education can'be viewed most simply.as one in 
which a novice' is operated on" by a process known as educa- ' < 
tion to transform him o'r'hemnto an -expert. 

' \ 

(expert) ^ [EDUCATION X .(-novice) 

• * v 

Or in Dirac notation: • 

<expert | ediLatton | novice>. 

The point of this simple analogy to quantum mechanics is .that the effect 
of the operator, education, crucially depends on the initial state of the 
novice.' There are" three 'separate entities involved:' the expert, the 
*ffbvice*, and the" transformation . Each must be understood if we are to 
** have a complete theory. ; - 

Recent research sponsored by the National Science Foundation's program 
for Research in Science, Education and by; the National Institute pf Edu- 
cation grants .has begun the process of" describing noyice and expert 
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states. In Physic^^^^^^^arl^of Champagne '( 1979 ) , £*hi (1980), 
Clement (1980), ^^^^^^^80), LVkin • (1980), , and McDermott 
v (l98O0^in mathepacnHwy||& < . (^980), Schwartz "(19§0), ' and Steffe 
11980*); h genaral scil||p ^Hawkins (1980), Karplus (1979), Lawson 
(.1979), and Renn.er , ( I977fkjn genetics, Tolman (1980); and in chemis- 
try, Gordon (1980). There are dozens more who ough.t-to.be mentioned, „ 
but this is. not the place for a rev tew. r 

While the all-important operator, education, 'has received rather less 
attention, Fred Keif "rs nbvy -developing tools for more precisely measur- 
ing, the effect of its individual components, (Eylon and Reif, 1979). 

.A great deal more needs to be done, but there is more -than enough 
theory and data to keep educational developers busy for quite some 
• time. • v " 

/ : * , 

Let me skip now to # some specific issues, which constructivist theory 
poses fpr educational developers. 1 have picked five, more or less at 
random; there are many others I could ^have chosen instead. 

— ■ *> • 

The first is unlearning. Novices - never cpme 'to a subject with* a blank 
slate. They always assimilate * what they are told and shown to what 
they already believe. In posies for example, Newton's . laws are 
assimilated with common sense^ physips in which ^all motion required a - 
.driving force. The incompatibility of the two systems exists only in the 
expert's head, not in trfe novice's. Teaching experiments conducted by 
myself and many others have shown that it js exceedingly difficult- to 
make students unlearn the "motion impMes 'a forCe" construct.* Fortu- 
nately/" I just learned yesterday 'from dim Minstrell that, after years of 
trying, he has finally come up jwith an instructional operator that does 
this effectively for nearly 90 percent/^tfT^is- students. I am hopeful- 
that analysis of Jim's method may help us Understand how to develop 
similar operators for other transformations.') Perhaps it can even feed 
back to basic research and help us/p^gjh to formulate a cognitive 
theory of unlearning. 

A second issue involves the cdnstfcuction of intermediate states/ Since-' 
'novices must construct their/own^ k'r^wledge, they- must pass throOgh 
levels of expertise which are neither novice nor expert. Fischer and 
Brown (1977) 'have described , this .problem wsirig 'the example- of ski 
instruction. One effective method is' to provide the novice with short 
skis. The result is not* skiing in a purist sen'se, but i^is an effective 
bridge to expert behavior. As teachers, we may want to bring our 
stydents to believe jn incomplete; misleading , or incorrect theories . 
Thi*s ha^ been the history of 4 -scientific - theory , and there, is every 
reason to believe It may be the most effective path for novices "to follow. 
Developers must determine which easily accessible intermediate 'states 
form -effective bridges to expert performance.' These investigations will 
be complicated by the recognition, that the search involves the intellec- 
tual lives of students. If an intermediate state turned out to be a side 
track rather than a iprictge, learners nrught- not easily return. But we 
must not be put off by the naive ^no'tidn^hat current methods are any v 
less dangerous. s 



The third issue) I woGfd. like- to consider is. error. We need to provide 
students with ample opportunity for ei*ror., because it is only by making 
Und recognizing) errors 'that real conceptual learning is possible. The 
batteries -and bulbs Experiments which Arnold Arons.(1977) describes 
in his text are ex t celYent examples bf how. this type .of curriculum can 
b^ managed. We need a great deal more similar material. \ - " 

£ fourth point concerns reflection. Jofin Dewey (1933) claimed that the. 
entire purpose of higher education was to produce reflective thinkers, 
people wh«) could view and critique tfieir own reasoning. Studen-ts can * 
build their knowfedge structures more effectively if 'they aTe given^the 
chance--cOmpelled--to examine their thoughts and* those of others. We 
need curricula thet encourage student to say what they, think, . espe- 
cially when *th§ir thoughts are at variance with what -we wish them to 
be. - The dilemma' here is how can we get students to share their ideas 
without deserting our responsibility to lead them beyond their current 
conceptions. If wj£ .constantly close such discussions with >n authorita- 
tive', statement of truth, we will quickly stop all student reflection;" ■ if 
we don't/ we may validate ig ncrance. >^ 

My fifth and final point i s * a pet peeve ol mine and really/does not 
belong with the others. Yet, in 'these times of economic restraint I feel 
it is important to make it. We must not get carried § away with buying 
expensive technology for its own sake. Complex machinery often serves 
to separate students from twe ' phenomena they study . ' An* automatic 
electronic eye stopwatch may allow*, for great accuracy, but to .the 
novice it mystifies what might be clearer if a stopwatch, sand Clock, or 
metronome were 'used instead. A brief anecdote, nfay help to illustrate* 
the problem. My parents had .a free , checking account 'in a small^ 
Vermont, bank' long before free checking was- a common, practice. One^ 
day 'they received a letter from the^ banl^stating that in order to 
modernize their service the,, tfank had installed a computerized checking 
system, thus there woifld now • be a 25-cent charge ■ per check.- I 
happen to agree with Seymour Papert (1980) that the rigfit use-of^ech- 
noldby can solve many oi our educatipnal problems. But finding the 
righr use will *not be easy, and we need to avoid buying' devices' simply 
because they are there, 

* • 

Perhaps a" concrete example can best summarize this talk. John 
yGfement, Jim Kapu*, Judy Sims-Knight,' Steve Monk, Elliot Soloway, 
Peter Rosnick, Ron Narode, and. I have been studying an apparently 
simple problem (Clement, Lochhead, and Monk, 1981 ). If you ask 
calculus-level ""college students to write in English what the equation 
A = -7S tells them, it ' turns qyt that about 70 percent interpret it 
backwards. .These students are skilled fl\ alg/bVa, but they are in, an 
intermediate state between novice and expert. Furthermore, it does 
"little good to tell them the correct, answer. Peter Rosni,ck, (1980) gave 
calculus graduates the statement "There are six times as naany students 
at this unive'rsity as there are 'professors" and told them the correct 
equation for that statement was S = 6P. He then asked them what the 
letters S.a/id P stood for. "Nearly 25 percent said S stood for professor. 
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Getting students to .unlearn even simple mi-sconceptions is exceedingly 
difficult . We have had some success in teaching equation -to- English 
translation 'skills by" v givitfg students the opportunity ~lo err and to 
notice their^errors . If students are asked to write a computer program 
(no 'computer is needed) rather than* an' equation, far fewer make the 
reversal error {Clement, Lochhead, Soloway, 1980). When they % are 
given a series ~qf alternating exercises--write an equation, write a 
program/ Write an equation, etc. - -they usually, after --several cycles, 
notite the difference between their algebraic answer and their pro- 
gramming .solutions . ; At thi's* point, according ttf our experience, they 
recognize that the* program is correct and. revise their algebra. Further, 
discussion and reflection on the reasons : '*for- their error helps solidify 
their* learni'ntj. Unfortunately, t-he situation is a great deal more com- 
plicated than t haver made 'out, and the fnrstruction only works in certain, 
casesr But the basic* points are .these. 'Firsts theVe' is a serious hole 
in current .instruction that is not apparent unless you look carefully in 
-a manner the old educational theory would- not have seen a need for. 
Second, 'the hole cannpt be patched by simply handing Students the 
correct* information. Third, the job of developing appropriate , cur- 
riculum "materials will require a serious joint efforts between researchers 
and, developers that ~ recognizes the constructive role of the student. 
Fourthf, and finally, success 'in this endeavpr cduld totally revolutionize 
scieqce education. As things' are now, 80-90 percent of cbllege-leveU 
students studying mathematics cton't reaHy , understand 9th gracte 
algebra, but the curriculum of nearly^every field assymes that they 'do. 
What miracles of learning- might occur if they actually h,ad the mathe- 
matical\background we have been assuming? 
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In* a recent issue of the Educational*- Rietsearcher , Phillips (1980) pro- 
vides a pessimistic assessment of^what research* in eduction has to 
offer, practitioners. He -asserts that: 

Social scientists have not been able to discover general- 
izations' that are reliable enough, and about which there 
is enough -professional consensus, to form the basis for 
\ social policy, (p. 17) 
^» * 

Although such pessimism may be warranted for questions involving 
broad policy perspective's or the construction of- comprehensive 
theories of learning, there are areas of research on children's 
acquisition of specific mathematics and science concepts for which p 
there is broad consensus based upon a substantial bddy- of -consistent V* 
research results. 1 

The area that I would propose as„a potential target of opportunity 
for curriculum development is the acquisition of basic addition and 
subtraction operations. .There is* certainly precedence for developing 
programs in arithmetic on the basis of psychological research, .One of 
the rtiost sustained attempts to' apply basic psychological principles to 
the design of "curriculum is represented by the arithmetic, programs 
developed In th^ 1920s ari~d~7T930fc— based— on-^t he— work— of— E .-L. — - 
Thorndike (Cronjbach and Suppes, 1969). A number of more recent 
examples could also be cited. • . . 
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The. work I ^am referring to, however, is not based on principles of 
association ism or >±>ehavioHsm. A nurfiber of recent investigations 
have approached tne 'Study of addition and subtraction from a cog- 
nitive or information processing perspective (Carpenter, Moser, and 
Romberg,— in press). 'Although there is not complete agreement-on^aU- 



the details, and a number of issues remain to be Tesolved, there is 
general consensus that most children initially sqJva addition and sub- 
traction ^problems using certain counting strategies. There os • basic 
agreement regarding .the specific strategies .that children use and the 
general pattern of acquisition in which strategies become increasingly * 
sophisticated and' efficient (Carpenter, Blume^Hiebert, Anick, and , 
Pimm, in press;. Moser and Carpenter, in. press; Resnick and Ford, 
1981). It is ahso generally agreed that the" strategies are currently 
invented by the children,*. themselves 'rather than learned through 
direct instruction (Groen and Resnick, 1977). „ 

Certainly tjiere is a great deal- left to be explained. -However, from 
the perspective of potential^ implications for curriculum development, 9 
these details are insignificant compared to the disparity between 
*what "is - known about how children solve addition and subtraction 
problems and current programs of instruction. An examination of 
current Mathematics programs- reveals that very little effort- is made 
to build upon'the informal" knowledge of addition and subtraction that 
children* bring to the learning of these operations. % 

.Building upon children's informal strategies appears to off^r a 
number of advantages over current practice. The tnore advanced 
strategies that children invent for themselves are more efficient and 
show more insight than the models of addition and subtraction that 
are generally included in the curriculum. Furthermore, some of the 
more sophisticated strategies provide d structure* for organizing 
number facts that should facilitate retention and understanding 
(Carpenter, 1980). Finally, since children readily apply their 
inventecT strategies to simple problem situations,^ building upon „ these 
strategies would offer the "opportunity -to integrate problem solving 
mofe completely into the primary mathematics curriculum. 

In examining the informal strategies that children invent to solve 
addition "and subtraction problems, one is struck- by their relative 
Sophistication. Children* are able to analyze and represent the struc- 
-tupe-of-cUffenenL. problems, in order to.figure out how to solve t hem; 



and they are able- to invent a\ variety of relatively complex strategies 
for solving problems for which they have no algorithm. Other 
research has clearly documented that by the age of 9, many children, 
mechanically add, subtract, multiply, or divide whatever numbers 
are' given in a -problem, with little regard for the content of the 
problem (Carpenter, Corbitt, Kepner, Lindquist, and Reys, 1380). ■ 
Somehow in learning formal arithmetic procedures, many children 
stop analyzing the problems they attempt to solve. J would suggest 
that the transition f rom J:he inform al modeling and counting strat egies 
that young children invent to solve basic addition and subtraction ( 
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'problems to the- use of the memorized number facts, and formal algo- 
rithms they learn in school is a- critical stage in children's learning 
of mathematics, and that part of older^ildren's difficulty^ in analyz- 
ing and'sok/ing problems can be^traced to the transition from 
informal problem-solving strategies to memorized facts and fbrmal 
algorithms. 

In short, initial instruction in addition and subtraction fulfills three 
basic criteria that I would consider critical for a target -of oppor- 
tunity for curriculum development: 

(1) There is a clear consensus regarding major aspects 
of the acquisition\of additipn and subtraction opera- 
tions which is based upon a ^substantial frody of 
empirical evidence. >, 

(2) There is 'a * disparity between the way in which 
children solve addition and subtraction problems and 
the instruction commonly presented in mathematics 
textbooks. * 

* ■ (3) Initial instruction in addition and subtraction is a 
critical pha§e of the mathematics curriculum which 
^may^i^jnificantly influence the development of basic 
' problem-solving skills as well as the understanding 
of basic mathematical operations. 

Specifically how a curriculum should be designed to reflect our 
knowledge o y f how children acquire addition and subtraction opera- 
tions is a complex question. Curriculum development is a .great deal 
more "complicated than taking a scientific conclusion and putting it 
into a useful package (Cronbach and Suppes, 1969). From the same 
knowledge base that has befen accumulated regarding the acquisition 
of addition and subtraction, a number of -different programs might be 
developed based on different assumptions of how cognitive research 
should be translated into practice. For example, one might attempt 
to- directly teach the most efficient strategies or the strategies used, 
by the best students. Alternately, one might base instruction on the 
most elefnentary strategies that could 'be understood by all students 
under the assumption that the better students will invent the more 
sophisticated strategies themselves. One might even argue that cur- 
rent programs are appropriate since invention obviously occurs in 
spjjfi Pf them. 

• • • 9 

AlthoughTthe basic research that has been completed on the'acquisi- 
tion of addition and subtraction does not clearly suggest a specific 
program of instruction, it does provide some insight into viable alter- 
natives for -selecting and sequencing the content of instruction', and 
it * provides a basis for, evaluating the effect of instruction. I think 
this last} point is important. The difference between current research 
ane( that 'of Thorndike is hot simply that it arrives at conflicting 




conclusions. It proposes a fundamentally different way of looking at 
children's learning. This needs to be reflected in program develop- 
ment and evaluation. , It seems clearly inappropriate to develop pro- 
grams .based on the careful study of children's processes and then 
simply evaluate the- products of instruction, 

We, need to specify assumptions about' how tnstrgction could be 
related to children's informal addition and subtraction strategies, 
design instruction based on these assumptions, aftd evaluate the 
effects of this instruction using the -basic techniques developed in 
the research programs., -In other words, we need to 'evaluate the 
assumptions that link the theory -to practice (Glaser, 1976; Phillips, 
1980). For example, we know relatively litt+e about the effectiveness 
of programs that reflect tt?e.£equence of development of basic science 
and mathematics concepts in children. We could- develop and evaluate 
instructional programs based on the linkkag premise that instruction 
should reflect the sequences of acquisition of basic science and 
mathematics concepts that we have observed in children, I do not 
believe, however, that a basic premise of this nature can be 
answered in" general. I think that the best we can hope to accomplish 
is to demonstrate that- a specific program based on a specific set of 
premises produces'- certain kinds of learning. I think that, at best, 
we may arrive at - some general conclusion regarding which assump- 
tions are most productive as starting points for development. * 

What this suggests is §n integration Vf research and development. 
Such an integration has as much to contribute to basic research as it 
does to the development "of instructional programs. Cronbach (1975) 
has observed that "We cannot store up generalizations and constructs 
for ultimate assembly into a network" r(p. 123). In other words, 
conclusions^in social science are often not absolute/ Thfs is clearly 
reflected in research .on addition and subtraction Although research 
on addition and subtraction has produced consistent results, Jt is 
not clear that these results ^represent absolute truth. Most of tfie 
research on * addition and subtraction has been carried out with 
chil4ren who .have, been exposed, tp essentially the *same mathematics 
curriculum. If major changes are made in the curriculum, it is not 
clear how this will affect the patterns- of acquisition that have been 

observed. * . > 

1 

FfnaHy, reflecting* Crronbach's '(1975) conclusion that knowledge in 
social science is not absolute, I would suggest that it -is inappro- 
priate to believe th^ we can -attain complete understanding^ in an 
area ,aftd 'develop f *the ultimate, mathematics or* science program. I 
don't think " that .research and development of curriculum, operate 
like, say, the development -of a polio vaccine 'So that we can- say, 
"We- have dQrie that; now 'it* is time to answer another question.". I 
think that the best we- cap hope .to accomplish is to develop a cur- 
riculum that provides^ a reasonably good fit with "dur* current under- 
standing of how children learn science and mathematics. 
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Our language contains many dyads--terms thifet seem naturally to go 
together: , ham and eggs, liver and onions, hamburgpr and French 
fries, Procter and 'Gamble," Sears and Roebuck, and 1 research and 
development . Alas, the rhythm of the language can be tteceiving. 
Words that appear to , go together do not always represent reality, 
^fter all, people often want ham without eggs or vice-ve>rsa; French 
* fries do not always accompany hamburger; and certainly research 
and development frequently travel independent paths wittrHttJ* con- 
tact with one another. ' |T 

t ■ i 

To the extent that both research and development in education share 
the goal of improving practice* in education, the field of education 
generally stands to profit from their, closer cooperation. The time 
available ~does not permit an elaborate treatment of how closer collab- 
oration between* research and development might be accomplished. 
Rather, I ihall merely indicate^ few areas in which research could 
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be of ccfnsiderable benefit to. developers and % one or two institutional 
remedies for facilitating closer collaboration. Since all of my work 
* has been focused on improvements in social science education, I hope 

that the audience will be tolerant to examples restricted to social 
^ science education. * I 

» Curriculum Research 

The social studies curriculum of American "elementary arid secondary „ 
schools, is 65 years old this year. If the sociakstudies were «a per- * 
son, we would hold a -party in his* or her horTor, present a toafch in 
recognition of a lifetime of service, and retire l^im. Unfortunately, 
> the social ^studies curriculum is not ready to retire, and the spope • 
xand sequence that was established 65 years ago by a national com- 
mission is likely to hamstring teachers and curriculum developers for 
the rest of this century, if not longer. 

What we teach children in 'school* today was determined largely 65 
'* years ago when the country was vastly different, 'when less than 10 

^ ^^peroent of youth' completed high .school, and when the overarching 

^ J??**&ducatfonal problem facing thfe country was how to accommodate and ■ * 
1 * Americanize the vast stream of immigrants arriving from abroad. The 
demands for citizenship training led the schools then to cycle Ameri- 
can history though grades 5, 8, and 11, and to provide civics <and 
% American government at graties 9 and 12. We did not then and do 

£ % not -today give much attention to the history and geography of other 

parts of the world. I know, of no other modern industrialized nation 

in which the curriculum is so ethnocentric as is our own. 

• • • 

> ' t > . 

Th^ problem of .accommodating the social and behavioral sciences into 
the rigid, arthritic social • studies curriculum is well known to all 
* social science education developers. It is hopeless fojr an individual > 
project to attempt a new scope -and sequence; the forces of tradition 
art too powerful .* The best one can do is *to attempt to subvert ex- 
isting courses; e.g., update the 9th-grade cfvics course with recent t 
political sciencer approaches, smuggle economi&s into American history, 
, - or provide a' global studies perspective t6 the 7th-grade geography 
course. ■ Amid all of the controve t rsy''surrounding Man: A Course of 
Study (MACOS) a, few years ago, few commented on what was surely 
one of tfte principal reasons for its ultimate failure: MACOS was 
'designed for St-h-gi^ade students and the 5th grade is^j/aditiotially 
•reserved for American ■ history . Once the novelty of* MACOS disap- 
peared, it was nearly inevitable that the majority of schools would 
return to. teaching about Indians, settlers, and American heroes at ] 
grade 5. / 

Frankly, curriculum development in the social sciences will continue 
to be constrained so long as we remain saddled with th.e- current 
scope- and sequence. We'do .not need studies of. what the existing 
curriculum Ps;*we have all of the research of that -kind that is 
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required. What -is needed is a (nix of empirical and policy-oriented 
studies aimed at producing a new scope and sequence that are npore 
in? tune with the time in which* we litfe',, with the logical development 
of subjects children should study, and yvith the psychological devel- 
opment of qhildren . 9** 

Sitfce establishing t;-he scope and, sequence is* as much a^' political 
process as an intellectual one, an acceptable scope -and sequenlce will 
not be- achieved by a few scholars laboring on their own. The Invest- 
ment in traditional patterns is € too great. Nothing less ^han a national 
commission containing distinguished Americans from many sectors of 
society is requtfed. A-natioAal commission sets the existing curricuW 
pattern; a new national commission will be needed to bury the pas^ 
and start one or more n3w curricular patterns for the social sciences. 

Providing detajl^f^r Ipow such a commission might be organized -and 
conduct its work \vould exceed my 'time today. Nevertheless? ther.e is 
no greater priority in the social studies today. And there is no 
better agenda for enlisting the joint efforts of researchers and 
developers. 



Textbook Studies • v % 
« 

The majority of curriculum development products ultimately take the 
form of commercial textbooks. $uch products may be accompanied by 
a wide variety oT ancillary material. While the design and format of 
the books may differ greatly from existing commercial products, 
developers .cannot avoid the fact that textbooks provide the most 
assured route for reaching the greatestAiumB^r of students. 

We have some textbook studies. Some researchers have expJored the 
importance of textbooks in instruction. Many studies analyzed text-, 
books for bias, focusing on the treatment of women and various 
minorities; others, have sought evidenc^ for textbook treatment^ of 
certain content themes and social science concepts. From these 
studies we know that textbooks are important in' setting the instruc- 
tional agenda . ^nd that nearly every social studies* textbook has 
deficiencies from the perspective of one investigator or another.- But 
there js much more to learn about textbooks and their use that 
would be helpful to developers: * > ' , 

How 'arg textbooks used ? It is rather remarkable, but developers 
guess a ' lot about -how teachers actually use textbooks. -What is con- 
sidered a reasonable reading assignrrffent? Wttat use .is .made of i 1 1 u a- 
trations, tables., charts, maps, »and so pn? Are "end-of-chapter 
qjjestior^s n usetl; if so, what *kinds of questions are most helpful?^ 

Decker Walker at Stanford University is currently directing a prdj^ct 
to explore how 'textbooks are bsed in three or four high schools in 
cqntrasting communities . The .aim of -this study is to relate study 
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patterns, # textbook features, and teaching practices "to student per- 
formance # on 'examinations. Studies of this type might contribute ^ 
importantly to the design of better^textbooks . * 

Mow Ms textbook content determined ? 'Policy, studies indicating how 
decisions about textbooks are made ^woirid also be useful. Nearly 
every developer can offer personal accounts--some humorous, others , 
tragic-.-of experiences with "textbook publishers '(editors, salesmen) 
and textbook 'adoption committees at state - and focal lex/els. As* 
Frances -Fitzgerald pointed out in her book America Revised , deci- 
sions regarding what goes into a textbook are a matter/ of politicaJ 
judgment as well as intellectual talent. Studies- "are needed of text-- 
book/adoption processes and the factors that influence. editors . 

What can we learn from others ? And finally, we have much to team 
from Qther countries. It is remarkable just howr, ethnocentric -the 
American educational community is. Certainly some ^Americ^n educa- 
tors have a certain noblesse oblige attitude that Jea<Js,--th«m to share 
America's experience with other countries, but there-is remarkably 
little curiosity, about educational - practices in othfcr nations. The 
possible exception* , to this rule is interest in England, perhaps 
because .Americans \ who are notoriously deficient in languages, can 
visit English schools and understand what is, taking place without the 
use of interpreters. Since World War- II, under UNESCO* ausptees, 
many nations have engaged in binational and multinational textbook 
studies; the United States has remained aloof f.rom most of 'these. 

J 

Since 1977, my center has hosted two cross-national studies of text- 
books, one involving scholars in the United States and the Soviet 
Union, the .second* engaging American and Japanese scholars. The 
results have far exceeded our original expectations. We have much to 
learn from other countries in the mann^f in- .which they organize 
their curricula and in^ the. ideas they Vesent 'to students. No 
American business could* hope to survive ft/ith the kind of arrogance 
we have displayed in -education. International and comparative 
research in educati6o could strengthen efforts to improve education 
in this country. We might begin by undertaking textbook studies. 

* * '.X 

, Comparative research^on textbooks f^ces a severe handicap. At this 
' moment there is no adequate library to support comparative textboo^ 
research; In the social* sciences 'the only -suitable library in the 
world is the Georg Eckert Institute in Braunschweig in the Federal 
Republic of Germany. We are in the process of establishing a com- 
parable library for social .science education at .Indiana University, 
but presumably similar textbook libraries are needed for mathematics 
aUci the sciences. Someone should begin to establish libraries, in 
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Naturalistic Studies of ClassroQms 

T~' \ 1 — 5 — *~ 

We have' enough studies of what happens "to curriculum products 
upon their arrival in classrooms to know" that'" the products chaipge 
during use as much or more than cibes classroom practice. Moreover, 
the direction of instructional change is often quite different from 
that predicted or desired by the ins'tructiohal developer. * 

.Of course., it has long .been obvious to. developers that "their ideas 
would work differently 'in practice from -how they imagined* they. 
ought to work from the perspective of theirs offices. What some 
developers have not fully comprehended or appreciated is' that 'pilot 
schools ^are also exceptional settings and that what occurs in class-, 
rooms with volunteer teachers commjttfed .to <the project"' may not 
represent at all the settings in which the, materials will be usdd 
later. 

s * 

Intentionally, we have warked curriculum , development Th , primarily 
'on> directictn--from the developer to the teacher--while accommodat- 
ing as many«of the predictable variables as possible. For the most 
pdrt, we have not worked development from the other directions- 
teachers informing developers pf what is needed and accommodating.' 
development to practical Resistance by teachers' to force-feeding 
from developers was one of the primary motivations* leading to ESEA' 
Title Ml t projects .and n teacher centers'" which feature teacher- 
d$yelopment of curriculum prodbcto. This has . generally lecJ/to 
greater 'teacher satisfactioa and weaker products. % 

Naturalistic research on what good teachers - do witK their own self- 
generated materials and commercial textbooks might produce^clues for 
how developers could devise products more acceptable to a greater 
number of teachers. Such ^products might "fit" the* classroom letting 
and the ^teaching style of existing teacher's bettep than previous 
products, thereby making fewer demands on teachers andjeading to 
greater acceptance. 



Organizational Responses to'* Research, and ''Development Needs 

The organizational impj^ations *fBr the«few examples- of" 'needed 
research cited here rar^ge from the .establishment of a national com- 
mission, to the creation - of international Jex-tbbok libraries, to 
scholars conducting on-site classroom instruction. There .are some 
common elements, however, that might' be* recognized: * 

1. Some of the required work demands sustained ' atten- 
tion over several years' and reliable funding. The ' 
work of a national commission or the establishment of 
a -textbook' librar^ cannot be 'accomplished by a* 1-yea^ 
grant. 



2. Some of the work calls for a continuing base of opera-, 
tions/. While it, is desirable to widen the net to' include 

•people • who hfeve not * previously been' active in 
research and development, this advantsge has to be 
weighed • against long-term institutional commitments 
to a line of attivity. Government and private funding 
4 agencies, especially during periods of? shrinking re- ' 
sources, need to assess carefully what is likely to 
continue after a particular project has expired. 

3. Nearly every important tatk confronting research a^d^^ 
development in social science education demands teams 

of people embracing a range of skills and experience. 
Research divorced from development is merely 
another obstacle^ to overcome before the research * 
findings seep back into development practice. "And 
research and development divorced from classroom 
practice is* certain to produce impractical results . 
This does « not require that researchers, developers, 
and practitioners must all be based at the Safne sites, 
but the communication network cannot be casual and . 
only occasionally clos-eek Few models exist of close, 
continuing cooperation among developers, researched 
and ^practitioners. Those that occur should be studied 
and extended; new models should be devised. 

It is very "American, " I guess, to tolerate— even to encourage-- 
individual entrepreneurism in education. But there is also enormous 
waste in such a system. We have witnessed more than two, decades 
in which development and research occurred largely independently 
of one another, a period in which practitioners have largely ignored 
both- processes. It is time we learn from that experience ?nd bring 
the three elements into closer coordination for the improvement 
of practice. We can become more cost effective—that too is very 
American » ■ 
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CONVERSATIONS BETWEEN RESEARCH AND DEVELOPMENT: 
WHAT IS THERE iO SAY? 

* 9 'Kristina Hooper " — ^ 

University fit California-Santa Cruz 
Sant^isPOz, California 95053 

Dr. Kristina Hooper is an Assistant Professor of Psy- 
chology at the University, of California at Santa Cruz 
with a, bachelor's degree from Stanford University and 
a doctoral from the University of California, San Dfego! 
Her .areas of interest include cognitive psychology, 
architecture and urban planning, environmental simula- 
tion, • imagery ? and computer graphics in mathematics" A 
education. In these mahy fields she -/has either taught, 
been a consultant, performed, research, or directed 
' projects. She has also given talks at M.LT., the. Uni- 
versity of Massachusetts, Cornell University, the Uni- 
versfty of Wisconsin and in several 'California academic 
and .professional settings. In addition 16 the writing of 
several, research papers and chapters, she h^s prepared 
^a^film, some videotapes, a jnu'seum show,\^jd two radio 
'programs for the' BBC. - * \~J 

General folklore amd public policy suggest* that -f^setorch arid devel- 
opment ajre co-partners in Jthe business of w^lujvancement of 
concepts and products. Reslarchers find thew||^es funded for 
work leading to the development of* new valuedn|^Wlucts and pro- 
grams. 'Developers 'realize that they should base tflfc work on the 
results of research efforts>tand that their development will provide a 
focus for research long after they consider' their p/oject completed. 
And so the concept of a natural cycle of research leading to devel- 
opment, leading to more research .and more development ad infinitum, 
is implicitly accepted in both the research arid the development 
communities. * , * * • 

Yet aViyone who has seriously considered research and development 
from the position of either a researcher or a developer on a specific 
project, or, better still, anyone who has worked on both research 
and devefopment efforts, realizes that the cycle of research and de- 
velopment's not a natural one. Moreover, one realizes that the aims 
of research and of development are not even' necessarily Compatible. 

Hence the question "What has development to say ^ research regard- 
ing targets of opportunity in science education?" is a bigger one" 
than it seems initially. For, in addition to addressing the goals* of 
science education, it inherently addresses the general issue of the 
-relationship' between jdevelopmeht^and research, and it does this 
whils simultaneously ■ asking that targets of opportunities in science 
education be identified. ' 
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Given the denseness of this question, let's begin slowly. 'First, let's 
build a simple model of the world of the developer in science educa- 
tion, and then let's build a simple moder~of the world, of the 
res.earchef\ Then let's consider the general interaction of these two 

* groups of individuals, and let's^ist a number of general things the 
developer has to say to the researcher. And then, to pomplete our 

4 -consideration, let's explicitly discuss the fole .of a cognitive scientist 
such as myself in research and development in science education, 
illustrating the earlier discussion with examples^from my own projects „ 
on the development of visually based courses in college mathematics. : a 

Development Efforts 

Development efforts require a product, a product that is wQrkable, * y 
that solves' a particular objective. The development of this prod- 
uce-be it a computer laboratory ^to teach physics or a set of video 1 
tapes that explain concepts in precalculus--requires the coordination 
••. of -.a range of expertise to solve particular problems. Experts in 
science, education, and communication media must work together to 
produce products that are sophisticated in all of these areas. And 
9 in tKis working together the'se experts must quickly and , intuitively 
make a range of decisions,, often without* all the information required 
to guarantee the best decision. Much Mke the^ inventor .and the 
artist, then, the developer coordinates practicaj and conceptual con- 
cerns to mold what is known in a situation to solve those problems 
that have not yet been systematically addressed. For even when 
research literatures ajre avail^Jple, these literatures typically address " , 
general principles rather than specific instances. Decisions must be 
made to tailor the general principle discussed in the literature to the 
situation at -hand. - <> 

When a development effort is completed, the decisions along th'e way 
are considered effective if the product satisfies the constraints of 
^he situation ./ It doesn't particularly matter why the product is suc- 
s^ssful, aSd^nt doesn't matter that a range bf alternative scenarios 
would have generated -other successful situations. What matters is 
that the task is completed, that the product-i-s^judged sucqessfuUby 
the relevant individuals, and, to a lesser extent, that the partici- 
pants have developed, skills ^that will enhance the probability of their 
success in Similar future endeavors. 

" ' • ' 7- 

% '4*^ . Research Efforts ^ * 

In comparison to development efforts, research efforts on the surface 
seem to necessitate a primarily scientific approach rather than one 
that is artistic or pragmatic. It matters to. the researcher not only 
that something works but also why something works. .In addition, 
rather than solving one specific problem in the best way, the 
researcher must generalize 'from one set of observations an'd* situa- 
tions in order to make predictions about another situation. Unlike 
the developer, the researcher must consider the- effects 6f altema- 
— 4j ve __deei^ions -in problem solving, -^and assess the fundamental dif- 
ferences between* these in a theoretical framework. 
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To accomplish all of these objectives, the researchef* carefully defines 
the domain which is to be the subject of concern, rather than 
tackling existing situations that have been deemed important. Ohe 
doesn't investigate a particular curriculum as a researcher, then, 
but instead -focuses upon a single attribute; for' example, the com- 
municative effectiveness 4f graphs. For the researcher to make*%Tiy 
conclusions about the effectiveness of a particular strategy, the 
strategy must be carefully defined, as must the objectives f<?r effe£- 
tiveness, A research experiment* must be defined in such a way that 
it can be replicated^ at ^another 'time, or by otfeer researchers. It can- 
not stand on its inhe£enfc ^worth like the, development effort .without 
attention paid to method, -description, or theor-y. 

Interaction of Development ^nd Research ^ 

Researchers feel they are seeking ffeiith. t)evelopers feel they, are 
producing new solutions to problems. -^Researchers feel they must be? 
cautious., Developers will'. try most anything available, if they think 
it will work. Researchers are concerned about conceptual issues and 
general principles. Developers want to design elegarjj solutions to^ 
specific problems. Researchers are scientists. , Developers are 
craftspeople. Researchers find that developers go far beyond tfte 
data available and .deal with situations that are far too s complex to 
understand. Developers find* that ^ research is "irrelevant to qiost of 
their daily problems. Researchers commit themselves .to judgments 
only when they are extremely confident that they are correct. 
Developers, on the other hand, hope to be right at least some of 
th v e time, and never too wrong. * 

It m is smrfff 7 wonder, then, -t;hat researchers and developers are 
typically not the same people. It is also reasonable that * as 
individuals, researchers and developers seldom interact directly -even 
if they are dealing *with the same problem. It is also understandable 
that the concerns of these two individuals,^ even when in the same 
donjain, do not seem to directly overlap. ° - v 



¥et the interaction between these two groups — eithfcr for/nally or 
informally—is critical for the progress of each group. Development 
efforts can benefit from the conceptual development pf research 
efforts. Research can benefit from the direct experiences of devel- 
opment. The problem is that one cannot expect the interactions of 
these two groups to be natural. 



r 



^hese are stereotypes of course, as many of the best developers 
display the characteristics of researchers in appropriate situations 
and vice versa. Yet these characteristics do describe a large num-* 
ber of situations.* * ' * ' - 
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What Development Has to Say to Research 

Developers have two general classes of messages v to deliver to 
Researchers. The first class of messages are those that address 
♦involvement in development efforts *that will enhance research work. 

The second class of messages* consist of requests for research which 
.jfl/opLd- benefit the developer. / ^ _.A 

In* the first class of communications are a number of messages. For 
one, .there is 3 range- of rich examples of cognitive phencflnena that 
cag -be observed effectively in development situations. Equipment as, 
well , as naturalistic*' settings frequently exists for observations. De- 
velopment efforts are 'then excellent situations in which researchers 
can develop intuitions about cognitive phenomena irr complex settings 
,and in • which" - these phenomena can be systematically observed. 
Secondly, development efforts ateo offer an opportunity to manipulate 
presentations of the stimulus material througp a range of media and 
Content areas. Thirdly, the rules of thumb "generated by developers 
provide worthy foci of attention in systematic Iresfearch investigations. 

*The."best guesses 11 of 'experienced d.eveloper^ provide insigh.t into a 
range of information processing domains 'and beg for systematic in- 
vestigation.' Fourthly, direct participation^ in a .development effort 
by a Researcher prQvides this researcher with a perspective about 
the coordination of research and development which is unavailable in 
t^e typically isolated research setting. It 'provides 'the researcher 

• mX\\ a sense of the kinds of research that would" be valuable to 
cfeveldjs^ment, should the researcher be interested in the* application 
of his or her research efforts. It also provides the luxury of oppor- 
"tunjfies for extensive observation of situations which are not yet 

' very well understood? Finally,, particularly for the cognitive 
researcher, opportunities are afforded for* observing thinking in 
interactive situatibns" over a long period of time. Computer .graphics 
.and computer-controlled videodisks, 1 as. well as more standard com- 
puter text presentation systems, allow for the systematic observation 
of individual learning arW* problem* solving in an interactive ..context. 

The statements from developers, concerning research that would be 
useful- to 4 them center around* certain topics and* the usefulness of 
different methods' of presentation of research results. As an example 
of the first] class -of statements, the developer would benefit if more 
re?fearch investigations of cognitive phenomena were accomplished i\n 
naturalistic .-settings so that materials vyould be more directly relevant 
to development decisions.' In addition, the developer Would Benefit 
from the description of theoretically 'motivated criteria ♦ which . could 
be used " in -measuring -the effectiveness of^development. efforts. Simi- 
larly, a language for the- description and. assessment *of interactive 
situations would be useful to the . developer °to analyze these eommQn 
classes of. situations. In a slightly different vein', the developer 
would benefit greatly from, an analysis of gttitudes' of the , general 
public towards science, particularly as it has recently mamfested # 
itself irt/a great, deal of interest in science presentations on televi- 
sion^#n& reports of research Results in newspapers and "popular 
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magazines. Such an analysis would hopefully provide the developer 
with iYisight into, how to reach those individuals who do not identify 
themselves as being interested in science. In addition, and in a simi- 
lar way^ an analysis of tfie fascination of children^and adults with" 
current video arcade games, , and the engagement ^| attention with 
these games^ would be useful to- tf)3 develQper/ Computer graphic 
presentations of mathematics and physics could surely benefit - in 
t treir~ ~d e si g n~wfth~r e fer enee-to-the £ e media > ■ 



With regard - to* the presentation of research results, developers 
would benefit from presentations th'at include examples of the phe- 
nomena studied, e.g., examples of a number of pictures used in a 
particular experiment or simulations of the experiments conducted. 
This would make it clearer to the developers which research results 
are applicable to their development efforts, and it would provide 
examples \of specific materials which illustrate general principles 
which can then be tailored by the dev/elopers .to x their own domains. 
In addition, in the researchers 1 presentation £f results, it woui<ji'be 
useful to the developer to hear researchers' intuitions about where 
their results may or may not be applied. 

/ Mathematic Imagery Projects': Some Attempts at 

/ the Application of Cognitive Principles 

My mathematics projects--one funded by NSF-LOCI for the develop- 
ment of video modules for precalculus and the other funded by NSF- 
DISE for the development of a college mathematics computer graphics 
laboratory to emphasize the visual-spatial aspects of mathematics-- 
provide specific examples .of the kinds of opportunities available to 
the 'researcher in the development settihg and the kinds of research 
required by development efforts. < * ; 

In reading these brief specific suggestions', one should realize th£t J 
am not by training a developer, y&ut instead a cognitive researcher. 
At SQJTie level, these observatioRS-JJhen are^those of a researcher 
frustrate^ in development (1) because*of a lac T k of time to follow up 
all research ideas, and. (2) ^because of a lack .of existing research 
applicable to development, decisions. They are also the observations* 
of a researcher who is enthusiastically doing development* (1 ) because 
of a perceived* personal , responsibility for the application k of basic 
research in socially beheficiaf domains such as education, (2) because 
mathematics is an excellent* domain^ in whieh to formalize' concepts 
related to pictorial . .communication;, multiple representations,^ and 
spatial imagery, and (-3) because of a general dissatisfaction with 
cognitive psychological paradigms^ which do not address pictorial 
communication in a sophisticated or* interactive framework, / 

• The Development of Video Modyles for PreVatculus (NS£-LQCI) 

The LOCI projects, which I worked on with Ed Landesrwif a mathe- 
matician, provided an excellent context^for the- investigation of dif- 
ferent classes of explanations nn the video format; As *an ' example, 
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in the early parts "of the*project we classified a number of methods 
of presentation ^ including t|ie use of dialogue, the use of dynamic 
pictures, the ^explicit correspondence of algebraic and graphic dis- 
plays, the use of reat world examples and metaphors, and the inclu- 
sion of v a student rote- model. Yet we used these techniques intui- 
tively rather than systematically in the project, given that we needed 
Xo complete the modules rather than to develop'a theory. An analysis 
-of-U^rim^ant^ in the explana- 



tion of mathematical concepts provides "the researcher a rich domain 
for ^analysis and for the development of a theory of explanation. 

o 

Opportunities for analysis and comparisonv^f lectures, video modules 
of lectures, and video modules c using a rknge of video techniques 
exist in this project as well, because the mathematician and the topics 
developed in each of these different settings remained the same. 
.Educational technologists would do well to examine these different 
media and the differential effectiveness of each "in conveying matheV 
matical concepts. Each medium does certain things well and other I 
things not so well; this is acknowledged in the folklore of devel- 
opment and of education. A systematic analysis which included a 
.common method of description for the different presentation ^formats 
and which described why certain techniques would be valuable for 
certain things would be theoretically as well as pragmatically 
interesting. Again, the LOCI development project had neither the 
time nor the resources, to address these issues. . 

< ^ >*. 

Another research opportunity offered by the LOCI project, one that 
would be more pragmatically useful to the -developers than theoret--- 
ically interesting to researchers, is an analysis, of the- perceptual 
aspects of the video media, including color, the angle of cameras in 
live action filming, and classes of edits between different formats. 
Such an analysis, especially if it had included specific examples .and 
critiques, would havi been invaluable to our development effort. 
Yet, short of developing this ourselves, we had no mechanism to 
acquire such an analysis. * . • 

Mathematics* Imagery (NSF-DISE) 

The DISE project- now of/ers arh -extremely wide rancje of theoretically 
interesting research topics, many of which we are explicitly address- 
ing during our. first 2 years in preparation for 'our later intense . 
development effort. One topic is the delineation of the relationship 
between spatial abilities and mathematical abilities. We, are currently., 
pursuing this in our* attempts* to develop a well-specified qonceptual 
framework that includes explicit .definitions of spatial abilities, the 
use of .spatial representations in mathematical explanations, and 
mathematical abilities, as 'well as the interaction of these domains. 
There are obviously many topics, in this domain that would be of 
interest to the pure researcher. 
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Another research focus is* on the existing mathematics materials 
which use spatial representations. These have been generated intui- 
tively as a meafis -to explain complex ideas. Yet we don't know if 
they wor}<, or why "'they work if they do. Devefopers r 'will continue 
to generate . t suGh displays; researchers have the opportunity to 
assess these arpd to develop conceptual frameworks to guide future 
developments. * - 



T+re pr e^nTpTio7n~~of~" 5 pa tfa 1 r epres en tatto nns— 1 sap ^rticularly rich 
research domain at present, given the multitudes of 'media .that are 
becoming readily- accessible to th'e developer. Videotapes anc^ movies 
allow one* to Use moving displays, anct, ^particularly in the ca$e of 
•videotapes, these can be individually tailored and viewed. Computer 
graphics and videodisks provide a wealth of visual imagery that can 
be presented in an* interactive framework and that can include alter- 
native scenarios* to be chosen by students. As well 'as providing 
educators with a range of options, thes_e media provide opportunities^ 
for research on dimensions of presentations which have not been pos- 
sible with earlier technologies. And computer delivery* systems can 
even be used to measure student performance and to monitor their 
problem solving!. 



-4FH^ddtenojvto-previd4ng. a range of opportunities for theoreticaJ-^vork 
in research, the DISE project requires a riumber <of things from the 
research conrfmunfty . For one, a method of measuring and describing 
sybject interaction with nnoving pictorial displays' is needed in order 
to assess the success and failure of particular development efforts. 
In addition,, a language, is needed for discussing, pictures as methods 
of explanation , rather than simply as referents to 'objects. 1 so that 
dimensions of explanations can be considered systematically. This 
language' must include not only a consideration of features 'jpf single 
pictures, but also the sequencing, of pictures, the .interaction of 
pictures and text, moving pictures, and student interaction with and 
selection of particula.h pictures. The levels of descriptions provided 
by research communities are currently 'too constrained to be of much 
use to the developer who is engaging new technologies. • 

\ Conclusions • 

¥ - , 

There is much more to say, as a developer and as a Researcher, but 
• I will r stop % her£, for \ think that I have begun a conversation 
between developers and researchers. And that is my intent. 

'J "have listed general development issues for researchers to consider, 
and I have provided specific examples from my own work to illustrate 
these. From my own perspective, that of a 'researcher only recently 
immersed in development, I have suggested that it is to the re- 
seardhfr's best *sel£ririterest to work in a development setting, jn. 
order, to develop intuitions, .to .take advantage of naturalistic 
settings, to use* available technologies, »ancl to study .the. rules of 
thumb developed by. practitioners. I have also suggested that, to be 
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responsible to development, researchers should develop theoretical 
frameworks addressing more complex situations, considering explana- 
tion as well- as understanding in investigations of information pro<£-,. 
essing, and jetting for^th a language to describe subject interaction 
with new technologies, as well as a language to 'describe pictorial 
communication. 

fn closing, I would "like to x encourage researchers to do development 
and developers to do research. As a reseaVcher in development, one 
can view cpmplex phenomena that would normally escape attention, 
ahd one can^ be directly responsible for the follow-up of one's own 
research in an applied setting* As a developer in re^e^rch, one can 
enjoy the luxury of developing* theoretical frameworks and following 
up intuitions that have been neglected due to the production pres- 
sures in development settings.' I suggest this because I think the 
individuals involved would benefit, and because I see this as the 
most productive mechanism for the interaction of research and devel- 
opment. Without that interaction at an individual level, [ see little 
opportunity for effective interaction of the two domains, and I con- 
sider such interaction necessary for both research and development. 
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EDUCATION IN SCIENCE AND TECHNOLOGY 
* FOR ALL AMERICANS y 




Izaak Wirszup 
Th£ University of Chicago 
Department of Mathematics 
' f 5734 University Avenue 

Chi/eago, 1 1 linoi s' 60637 . * 

Dr. Izaak Wirszup, Professor of Mathematics at. the Uni- 
versity of Chipago and the Director of a Development in 
Science Education project entitled "Survey of Recent East ' 
European Literature in School, and College Mathematics, " v 
caused nation-wide comment in .1980. when he wrote the 
-National Science Foundation comparing Soviet and Ameri- 
can mathematics and science education programs, and de- 
tailing his concerns about the teaching and learning of 
these subjects in U.S.. schools. As a result of'his letter, 
the President, of the United States ordered the Secretary 
of Education and th^ Director of 'the National Science 
Foundation to conduct* a thorough investigation of the 
issues 1 raised by Dr. Wkszup and jointly to report their 
findings. This study resulted in the issuing of "Science 
and Engineering Education for .the 1980s and Beyond." 
Wicle .editorial comment in the nation's newspapers has 
' been attracted to the*, probletm and Dr. Wirszup h2s been 
invited to testify before several committees of the U.S. 
Congress, pr. Wifszup was born in Wilno, Poland. He 
received his Ph.D. in Mathematics from the University 
of Chicago, and has served as Professor of Mathematics 
there since 1965. Dr. Wirszup has a long and distin- 
guished history of serving as consultant on ^advanced 
mathematics programs to Yale .and Stanford Universities ,> * 
t to the Ford foundation and the Encyclopedia Britannica, 
: and to the U.S.- Commission for Mathematics Instruction. 

< 

In December 1979 I s^ent the National Science Foundation (NSI=) a 
report on my comparative study of Soviet and American pre-uni.ver- 
sity education. The report pointed out for the first time the Soviet 
challenge' in science, technology, and engineering 'programs, which 
had been laUnchfed as early as the 23hd, Communist Party Congress in 
1966 : It described, the Soviets' ongoing^'educatlon^l mobilization' 1 -- 
the innovative -restructuring of their secondary educational system to 
include ' va$t manpower training programs, their radical curricular 
reforms, and, above all, ^ their tremendous 'investment in human 
resources. * 

* 

The response to my, report was immediate and much greater than ex- 
pected; On February 8, 3980'7 President Carter ordered the Director 
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of the National Science Foundation and th^Secretary of the Depart- 
ment of Education to review our science^ and engineering educational 
policies; the result was the publication last fall of a report entitled 
' "Science and Engineering Education for the 1980s and -Beyond. " The ■ 
findings of both reports have been discussed in .professional journals, 
'and in the daily press here and abroad. NSF noted that my research 

• . -had been a factor in the President's order, and the NSF-Department 
/ of Education sturdy itself states that my conclusions ware corrobo- 
rated by a study' by SRI International and b^ the work -of -independ- ■ 
ent experts. . • 

{ Befc?re proceeding, let us remind ourselves of the fundamental dif- 

ference between the' educational philosophies* of our. country and of 

. the Soviet Union. As an expression of the American ideal of democ- 
racy, our goal in education is the individual development of the 
human being, with the freedom to phoose his life's , work. From the 
point of view' of civic education—fostering ah appreciation of freedom 
and democracy--our schools are among the finest in the* world. The • 
Soviet principle, on the other hand, is that education is designed to 
serve the, state. , Their highly centralized educational Sy^em is 
organized to further the Communist Party's aims, to ra(§e the techno- . 
logical and industrial level of the Soviet Union, and to increase, its : 

. military power and political influence. * * 

By expert opinion, the United States, today is r'anked "the world's 
leader in science and technology,- • although this" position has been^ 
eroding over the last decade.. Our major universities and their . 
" graduate programs are the best in world, but the research and 

• training leadership they represent is based on a relatively small, if 
superb, elite, 'in contrast, Soviet science, and engineering training 
programs are of such magnitude, and their drive "for supremacy so o 
'determined, .as to pose an -enormous challenge to' this American . 
preeminence. ' 

- , In spite of their tremendous achievements, however, I do not advise 

• imitation or adaptation of» Soviet educational goals,, procedures, or • 
' , practices . 

! * t< . ■ .. . * 

■v . '| shall focus here on a. few striking examples , from American • and 

Soviet education in mathematics* the sciences, and* other disciplines , • 
and then'touch briefly on some of the pervasive problems in Ameri- 
can education, relating them to the, current state of our productivity, 
and defense preparedness. Finally, I shall make some recommenda- 
tions for radically .improving- our school system, especially . in science^' 
and technology, and discuss* the urgent need for establishing and '• 
supporting natrohal educational leadership' in- the United States. 



•The' U.S.S.R.'s educational, - system is the product of planning, 
experimentation, and investment spanning more than 'half a^ eentury. 
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For many years "the Soviets were content with the creation *of a small 
scientific elite, while, the majority- of their students remained *at low 
levels of academic performance. Many factors converged' to change , , 
this educational policy. A labor shortage \ in the European portions 
<pf the U.S.S.R. threatened the continued supply of trained man- , 
power. The .introduction of high technology to the Soviet military- 
industrial complex demanded -workers' and soldiers with a better 
understanding of scientific and technological principles. Meanwhile, 
their own studies showed increased productivity from workers wh,o 
had -received a general education . pICjs technical , tr^jning Jn schools 
rather* tl^an on the jt>b, and research in the academies* led to notable 
advances in educational' psychology paving the way for more ambi- 
tious curricula and effective teaching methods at every school level. 

• * * * ** 

It is indicative of the depth* of the Soviets' commitment to a strong ■ • 

educational, system (and a, main factor in its success) that their top 
research talent has devoted so much to the improvement of the 
country's schools. For example, A.N. Kolmogorov, one of the great 
mathematicians of the century, has for the past 15 years directed 
thje entire sqhool mathematits • reform. Not only has he played a *> » 
decisive role in determining the content of mathematics* curricula, but 
he> has also been in the forefrtJnt of Soviet research in educational 
•psychology and mathematics instruction. In addition, Kolmogorovjis 
a co-author and editor-in-chief of the' three textbooks Geometry ' 
. 'tgrades 6-8)\and* the two textboQks^ Algebra and the Elements of 
' / Calculus (grades 9-10). Similarly, Academician I.K. Kikoin,, the 
world-renowned physicist, has been a leader ia th^ -Soviet school 
physics reform. ■ 

*' - • * . ' * V* . ' * 

The famous mathematician l':M. Gel'fand has beeh working with gifted %m 
secondary sthool students for the past 45 years. The program!! for 
"discovery and training of mathematically talented '-youngsters are.an 
exceptional poviet educational achievement, and ,the literature created 
for ttte programs has no equaljn excellence or^scope. ' ^ 

V * » . • • 

\ The ' U.S.'S.R. Acadertiy j of ' Sciences sets educational pqlicyi and 
- \ directs curriculum development. I^lore directly responsible- % for 
\ ^curriculum *;reform^ revision, and implementation's the U.S.S.R. 
Academy of; Pedagogical t Sciences, the • chief : Soviet % educational 
research','^ center. No qther institution remotely, approaches this m ^ «; 
' Academy and its various*1nstitutes in si£e, range* of- operation, and 
quality of research. Five hundred senior research psychologists, are . „ • 

associated full 'time with its Institute of Educational^ Psychology, , ' > 

representing the unique school of'L,.S. Vygotskii and A.R. Luriya\ 
The extraordinary Soviet research in the psychology and -methods of 
e learning and teaching, mathematics has be t eVi applied 'in* th£ ne,w 
curriculum. • + • • 

; .* % - I ' ' 

The school reforms of T'966 tiave been forcefully and "rapidly imple- 
mented. Serious obstacles -have* been encountered, especially wtth the * % 
new 2-year cglculu's requirement, but carefully monitored experiipen- 4 < 1 
tation and change have* steadily improved programs. * The general % f\ 
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restructuring and curriculum' reforms preserve the goal of a diversi- 
fied multitrack system of education that (1) keeps every student in 
school through the secondary level ; (2) guides him into a course of 
study corresponding f to his abilities; and (3) ensures a Jarge pool^of 
trained, well-educated labor for Soviet industrial projection. The 
Soviets have been very successful in meeting these objectives. No 
less than 5 million students, or 98 percent, now complete a second- 
ary education annually. Especially impressive is the fact that over 3 
million skilled workers and white-coNar technicians are produced each 
year by |the secondary school alternatives. These technical-vocational 
and specialized professional schools frequently pffer^programs* in 
science and engineering that correspond to. between 2 and 3 years v at 
U.S. techhical institutes or colleges. 4 . ^ - ' ~ ■ 

In only 10 years/ the Soviet compulsory program for all * students 
covers the equivalent of at least 13 years of American schooling in 
arithmetic, algebra, and calculus, and does so much more thoroughly 
and effectively. The American 1-year geometry course offers but a 
very small fraction of the Soviet JO-year geometry curriculum. 

£ * 

Let us review U.S. secondary education in light of the recent Soviet 
achievements. ^ * - 

Of -the approximately 4 miflion American youngsters who reach the 
^ge of 17 each year, 3 million have had arithmetic -for ' 9 years. In 
the firs,t 6-8 years their teac?hers\generallv have* ho special training 
in mathematics. Nine years of repetitious arJU is a waste and a ter- 
ribly damaging experience. The resulting feelings of near-stagnation 
and incompetence" are both a cause and a symptonj of the deplorable 
state of U.S. mathematics and science^ education, and consequently of 
b our techni^l training. 

In other industrialized countries, children complete arithmetic inr 6 
years. *The Russians, however, cover-: arithmetic proper in the firc&i 
• three grades and complete arith|netic and even start algebra irt 
grades, 4 and 5. What has helped to make, this remarkable achieve- 
ment ^possible is that from the fourth grade on, mathematics \s 
taught by aj specialised mathematics teacher, whose mathematical 
training is equivalent to at 'least a master's- 'degree program in the 
United * States. Even Soviet . teachers for grades 1-3 receive exten- 
sive training in* mathematics, the sciences, and educational psychol- 
qgyjapd teaching methodology based' on advanced research.- 

Comparisons in geometry are even mare disturbing. Qnly half of our 
population- takes 1- year of plane geometry. Yet most of these stu- 
dents simply never learn geometry, because we attempt to 'teach it in 
a single year, whil.e empirical evidence and modern educational 
psychology tell us emphatically that we cannot. 
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<1n 1^59 a French periodical printed a paper by Pieter van Hiele 
entitled n La pens;ee de I'enfarfl et la gjeom^etrie, 1 ' on* of the most 
important breakthroughs in. the psychology of learning^nd teaching 
geometry./ Pieter and Dina van Hiele-Geldof , together with their. , 
professor,,, the famous Dutch mdth^matjrign and educator Hans* 
Freudenthal, introduced the concept of five levels of* mental devel- 
opment in geometry. The"" paper went/ virtually/. unnoticed in both 
Western Europef and theJJnited States. I was, however, fortunate to 
learn from Russian mofuxjraptns, of the van. Hiele. paper and of signif- 
icant research and experimentation done by the Soviets on -the van 
Hiele-Freudenthal 'theory. The Russians had not only verified and 
refined the van .Hieles' work, - but had subsequently' adopted this 
theory as # a foundation of fheir new geometry cur rjfiu lum and- their 
innovations* in the methodology of teaching geometry 

Since American students who take, the Vyear high school course 
generally have no prior knowledge of geometry and~are at the first 
psychological level ' of development, they cannot be expected to 
master material from the 4 fourth development level, and, in fact, oar 
students never do learn it. Furthermore, our high school 'students 
are not being taught so\\<\ georpetry. Therefore, they rarely have a / 
workable "perception 1 of three-dimensional space, which is essential * % 
.fo^studying science, tfecKnical design, and- engineering. 

.* * fn contKast^_ all £ovitet|%'tUdents study geometry ; for 10 ye^rs: 5 years 
■\ of- intuitive^ ^geomfe|ryy ^3^ oT^ semi rigorous plage geometry, and 2 of 
solid.^mfetry. * N , °> ,?° ■ \ • 

\ m There ^ re ' 3<1^;p^^ t ^)ecialjged mathematics teachers in the ^Soviet 
system' of geneVaJ^e^c^lpT\^ schools. -Each year the pedagogical 
institutes train" some 3 22,Q|t) ri£v^ mathematics teachers. An outstaftd- 9 
ing journal- for ma o thema%,s ^teachers, ' l^atematikaA/ shkole (Mathe^ 
v matics }p the School)** is -published bimonthly in issues of nearly-. 
* * 400, 000 copies of 80 pages* each. JUfc American 'counterparts,. The \ 
Mathematics Teacher ahd« The .Arithmetic Teacher * have a tatal circu- 
lation of 84,000/ v * - . ' . 4 
r " # \ 4 « ' fc • ■ 
American secondary school physics, another building.. block of science 
education and techniqal training, is^ in disastrous condition and must ^ , 
♦ be^changed radically. Less^Tffia** a tenth of^our high school students 
take a 1-year physics course. The total number of physics^ 
teachers--for over 17,000 ILS.'schoof districts--is qplyylO/OOO arid 
shrinking rapidly. In the ^Chicago public school system there is only ^ 
one physics teacher fof^every two high schools. • * . •' ^ 

In the li.S.S.R. secondary school students take 5 years of cohapul- ■ 
sory physics courses. 'In "its 200 pedagogical institutes* the Soviet 
£ Union trains 8,500 specialized physics teachers eachryear. The total 
number of 'physics teachers in Soviet general education dayrschqols 
\s 123,000.' The Soviet journal Fizilfa v shfrole ' (physics Mn the 
School), .a 94-page bimonthly, fs published in 384,000 copies, as 
• opposed to the 7,000 copies -of its American -counterpart, The 
Physics Teacher : ' 
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The pattern continues in other subjects. In chemistry, only 16.1 
percent of Qur high schooJ students take a 1-year course, while all 
Soviet yourlgsters complete^ years v of chemistry^, including a full 
year .of organic chemistry. Sbviet students also receive 5% years of 
compulsory training in biology" (compared to the 1-yesr biology 
course in the United 'States), 1 year -of astronomy, 3 years of 
mechanical drawing, 'and 10 years of workshop and technical training. 

The Russian comprehensive journal for chemistry teachers, Khimiya 
v ^hkole (Chemistry in the School), is published in 157,000 copies. 
For biology teachers, Biologiya v shkole ' (Biology in the School) is 
published in 15,4>QQ0~-€6pies. 

The} disparity between the level of training in science and mathe- 
matics of an average Sdviet skilled worker or military recruit and 
that of an average American high school graduate, industrial worker, 
or army rffcruit is ,so' great that comparisons are almost meaningless. 

Our educational, crisis is by no means limited to mathematics and the 
sciences. Barely 9 percent , of *cJDr students have any exposure to 
geography as a separate subject, mostly in the form of one-semestejp 
courses. Geography teaching has all but' disappeared; fewer than^ 
1,700 secondary school teachers are -members, of two professional 
geography associations. It is hardly* surprising that Army studies of 
our recruits reveal "a markedly lower ability to read maps and 
recognize enemy targets. 11 The Soviet Union, on the other hand, * 
trains over 6,000 specialized secondary school geography teachers 
e^ch'year to conduct a 5-year sequence of , compulsory courses in 
physical., economic, and political geography. The total number, of 
geography teachers in Soviet general education day schools, is 98,000. 

Similarly, all Soviet children are obliged to take 6 -years of -a foreign 
language/ while fewer than J8 percent of- U.S. public high school 
students study any foreign 'language, and fewer than 4 percent take 
more than 2 years. 

We- have seen that the Soviet curricula are reinfprcsd by an srtte^- 
siye< system of teacher training and teacher support publications. 

: . Students also enjoy such' support 1 systems, in the form of yariou^ 
extracurricular mathematics and science activities and publications 

" integrated with the school curriculum. Hundreds of thousands of 
youngsters participate in ' mathematics clubs, physics clubs, and* 

X/various technical clubs— organized either jn their school? or at 
universities, pedagogical institutes, and technical institutes ^ *or m 
pioneer houses. The w *jji literature created for thes|^axtracurncu- 
* far programs has no equal anywhere in the worlds The series. 
Popular Lectures in Mathematics , with over 50 volumes,, has been 
published in several editions -and in millions "of copies, and translated 
into dozens of languages. 
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To help develop a strong interest in science and technology, Soviet 
authorities publish several popular journals for both young people 
and the general public. All of these journals^are of high quality 
and enjoy a broad readership. Examples, are Nauka i zhizn' (Science 
. and Life )r- 1-64 pages, 3 million copies per month'; Tekhnika molodezhi 
(Technology for Youth)— 68 pages, 1/700/000 - copies per month; 
Yunyi tekhnik (Yomng Technician)--84 pages, 1,880,000 copies per 
month; and Znanie-sila (Knowledge is Strength)--52 pages, 500,000 
copies per month. • 

A major vehicle for fostering and stimulating secondary school^ 
students 1 interest jp mathematics and physics is a highly original 
periodical for the*young called Kvant (Quantum). Since 1970 the 
U.S.S.R. .Academy of Sciences and the „U.S.S\R. Academy of Peda- 
gogical Sciences have jointfy published this monthly journal for 
secondary school "students interested in physics and mathematics. 
Its ♦ editor-in-chief \s Academician I.K. Kikbii^, and the first deputy 
editor-in-chief is Academician A.N. Kolmogorov. The editorial board 
includes such famous scientists as V.G. Boltyanskii and P.L. Kapitsa 
(Nobel laureate in physics). Each issue of 68 pages is in an edition 
of 234,00(1 copies. The American counterpart, The Mathematics 'Stu- 
dent , is issued six times a, year, in a run of 34,000 copies, and is 
^l\of s|x pages long. Because of lack of funds, publication of The 
Mathematics Student is being discontinued, 

Soviet educational requirements sound excessive to Americans in 
particular. Our 75 percent high school graduation rate compares 
unfavorably not only with the U.S.S.R.'s 98 percent, but with 
Japan's 90 percent.- The vast majority of our high schpol students' 
have not studied physics, chemistry, geography, o/ a foreign 
language, and have had only, a modicum of mathematics. We are vir- 
tually alone among the industrialized nations in expecting such mini- 
mal accomplishment of our ^students and our schools, and we are 
already paying the price. 

A retfent statement by Peter J. Denning, president of the .Association 
for Computing Machinery, warns, "We, the United States', are losing 
our lead as world economic leader because our productivity is in* 
detline. Even oi/r strongest area, computers, is v how seriously chal- 
lenged by Japan and Germany. We face severe personnel shortages 
that* threaten our abilities to conduct basic' research, to train new 
scientists? and 'to educate young people properly in science. As we 
enter a decade dominated by technology, our primary and sec0hdary 
school systems continue* to turn out young 'people' who are scienti- 
fically illiterate, and who will eventually be making decisions govern- 
ing a technological society. We are in^ productivity crisis and the 
current education system is geared to perpetuating it. 11 A 

fhe weaknesses of the American .educational- system have become'a 
national malady that gnaws at our economic strength, our competitive, 
edge in technology' and production, and- our ability to defend our- 
selves. We can take pride jn the achievements of a small but superb 
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corps of top-level scientists. But the distressing fact is that the 
overwhelming majority of our pppulatioi\Jives in a state of debilitat- 
' ing scientific illiteracy. 

* " M^ny undereducated young people are turning to the U.S. Armed 
. . Forces as. an employer of last resort. There is little heed to cite 

already published data concerning the results of qualificati6n tests 
. and the state of preparedness of our national defense. Suffice it to 
say . that, at a time when advanced and sophisticated science and 
- technology are. becoming the keys to our national sjurvival, military 
• training manuals formerly written at an Nth grade levei are now being 
written at 6th grade level. 
• * . * * 

^. ' A dangerous gap exists between our educational standards and those 
of other nations, especially the Soviet Union. We must begin to view 
Education as a critical renewable resource essential not only^ to our 
well-being, but to our survival. ; 

It is not* generally known that the U.S.S.R.'s expanded? exercise of 
/ power is based not just on" its enormous arms buildup of the past 15 

. years, but on concurrently* developed science education and. man-- 
, ' power ^training programs that have created a military machine manned 

by highly skilled and educated .personnel . The Soviet, Union's°tre- 
mendous investment in human resources, unprecedented achievements 
]n the education of the\general population, and immense manpower 
pool jn science and technology are having an immeasurable impact on - 
- that^cburirry's scientific^Jindustrial , anck-fflitttar-y strength. Itjs my 

considered opinion thaT"the Soviet educational mobi4i2ation, ~ although- ■ 
'not as spectacular % the launching 'of the first "Sputnik, poses .a- 
^formidable challenge) to the national .security .of the United States,^ 
one that is far mor£ threatening than any in the past $nd opte that 
will "§e much more difficulty© meet. 

Our- Schools af4 not preparing the great majority pf our youth for a 
productfive and independent jife in an age dominated *by stience and . 
' technology. There is inqr easing evidence that our present primary 
; and secondary- educational system is^totally inadequate for the Nation 
and its -needs. - > , . ' ■ 

We have claimed tha^ours \s the most democratic -school -system. Yet 
it produces, in the .'top few percent, only a tiny minority whose 
education "even, approaches the needs of the age of science and^tech- x 
Urology' How,; in addition., can vye call high school' graduates wfcQ* 
have never studied geography, have no foreign language, physics, 
^chemistry, or. geometry, and. only the rudiments of arithmetic and^ 
" algebra, educated ? Jf thro/jgh 'this system we have -become a two- 
• # culture society/ a small scientific/elite and admass of near-illiterates, 
then 6ur educational •system is n^t, in fact,, democratic', 

* \ 1 One of the major 0 defects in our educational systen>'is that the United , 

States has not matched the range and availability of the manpower 
" training programs the Soviets have devised. Secondary. Vocational 
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and technical education in this country lack?- both, prestige and 
v appeal and has long been the poor relation, of more strictly' academic 
^ studies. * It is reserved; where it is available at all, for students 

who are no longer expected to compete academically, and its contri- 
bution to our manpower resources is negligible.' 

Millions-of our young people. are being shortchanged, thrown out on 
thfe'job market with no skills and little chance of finding - a job, and 
there is no alternative institution to give them the training they 
need. 

Only the talented/ the ambitious, or those lucky enough to attend' 
schools that, can support Better, pro grams and ' teachers, "can take 
advantage of their full --benefits. The average student in the average 
school and the disadvantaged student suffer from rdiminishepl stand- 
ards of achievement, a narrowing selection of educational* alterna? 
tives, an almost complete lack of professional orientation, and an. 
absence of support for remedial and continuing education once they 
leaye the school ^system. # v. A « ^ 

The programs we have for our gifted students are painfully insufV 
. cient. , Ideally , these are our ffiWre leaders'in every field, but we 
do not equip them for such" responsibility. : This is a great waste of 
one of our most valuable resources. 

'The Soviets .see no contradiction or inconsistency in their social\ 
theories in a school system that .offers maximum education to every- - 
one while ^striving to train those who are 'most able for eljte positions 
•in science, technology, and "the military. 

Let me reiterate thit in. spite of their tremendous achievements in 
education and manpower training, I am not advocating - imitation or 
•adaptation of the Soviet system in the United States. Still, there 
are important lessons to* beHearned from the Soviet' reforms. At the 
center of these stands the fact that, political and ideological issues 
aside> the Soviet educational system is npw designed to maximize the 
utility of every studeiht. > • . 

The NSF-Department of ^Education report to the President emphasizes 
that the guiding principle' of our educational system .for the 1980s 
and beyond should be a "new national^ commitment to' excellence in 
science anfr technology education for all Americans y To* achieve 
this r our present- system must undergo radical changes of a compre- 
hensive/ .organizational nature, ^as .well, a§ more^pecifio curricula 
reforms. „ V w / ( * *> . 

I 'would Jike to, recommend the following ,gener?al organization!) 
changes: ' * r * ■ > r ^_» 

1. Allow only* specialized teachersfto teach' mathematics. and science 
courses from /grade 5 on. ) 



2. Institute new secondary school programs/ (and ^reorganize mpst 
of the existing technical." aYid vocational schools) to provide an alter- 
native avenjje within our school system to train # white-collar techni- 
cians computer programmers), middle-level professionals 
(e.g., 'junior managers; industrial 'foremen), and skilled workers'- 
(e.g., auto mechanics and workers employing computer-programmed 
equipment and other high-technology processes). 

The "success of these programs will depend 'on cooperation between ' 
all segments of our educational system--such as high schools, junior 1 
colleges, institutes of technojogy, colleges, business schools—and" 
industry, commerce, and l^bor organizations. 

3. Establish ' continuing improvement and retraining -programs for 
primary school teachers, especially those who teach arithmetic in 
grades T-4. fris'ervice aod—preservice programs should be devoted 
primarily to teaching content, particularly the fundamental concepts 
of mathematics and scfence. - 

4. The present shortage of mathematics, engineering, and science 
teachers, together with the proposed revisions in teacher qualifica- 
tion-requirements for the primpry schools, .will necessitate, a compre- 
hensive organizational change in . regular teacher training^ and im- 
provement programs. Our higher educational institutions .must examine 
their past and' present records of performance in teacher training 
and commit themselves to t unshakable standards of excellence- and 
professionalism. ' 

5. Institute a ^program for * the. development of a literature on 
teaching methodology for all subjects at all levels of the primary and 
secondary school syjtfpm. This literature should address content of 
instruction artd^teachjng* methods. It, should make use of the class- 
room experience' of outstanding teachers, mobern research in the 
psychology of learning and teaching, and the theory and use of 
instructional Materials, Lincluding audiovisual teaching aids, hand 
calculators, arfa , minicomputers. % A ^ thorough, comprehensive litera- 
ture, of this kind; developed ~oveY a long period of time and continue 
ally-revise'd and-improved, is^ being used in all commurfist countries 
to aesist inservice'^nd preservice/ teachers. Such a literature is com- 
pletely backing in the United* States. f ' 

6. Organize .extracurricular .programs to develop an interest -in 
mathematics, "science, and technology , in all students. These pro- 
grams should , be 'carefully planned to excite students and insure the 
participation v of the best teachers and prominent scholars from all 
school levels," as— well as scientists from industry. These programs 
should be preceded and accompanied by a specially prepared litera- 
ture that makes use. of all the available ipedia— books, carefully 
designed and^idely distributed periodicals, and video presentations 
on tape and disc. The Public Broadcasting System, museums-, and 
other public educational institutions shoulcfbe encouraged to provide 
integrated programs and services. . • 



7. ©rganize new program*, and* expand existing ones fcsuch as 
summer programs) for the- discovery and training of talented children 
from the earliest possible age. 

* * * - • 

8, Greatly expand the system of preschool education. Appropriate 
teacher training programs should be introduced for - this level. 
Children from the age of 3 or jl. should' become acquainted in' an 
organized way with' the concept of number, basic geometric notions, 
dnd underlying patterns - and relationships in mathematics and 
science. 

We can**gain some- useful insights here from a study of the Soviet 
preschool system, which involves 13.5 million children. Soviet re- 
search in ,the psychology of preschool learning and teaching pro- 
vides a rich resource we have largely ignored. 

9.. Organize or expand continuing, education programs for our 
' adults who need , additional training. We must enable individuals to ' 
.understand and appreciate new developments in science and technol- 
ogy, and offer them an* opportunity to study in depth. Schools from 
• secondary level on up should be 'used,, as well as museums and the 
popular media. 

* ° , * 
10. Organize 'mass professional orientation programs for all age 
groups 1 . Again, the resources of all institutional segments of the 
society should be exploited. 

The following curricular /changes are indispensable and urgently 
recommended:' / * 

1. ~ Develop a completely new program for aM children' covering all 
arithmetic in the ffirst 6 years of school. Intuitive geometry should 
be^an integral part of the new program from the first grade on. 
Introduce algebraic thinking in the last 2 years of this 6-year 
program. 

* * 

2. Offer all 'students, in grades 7-9- a new 3-year sequence in 
3lgebra and a separate, par^llel^ 3-year sequence in semirigorous 
geometry. — % „ 

3. Follow the exampl'e -of other rflodern nations ancl teach the sci- 
ences in multiyear sequences. v . . * >. 

* .. 

*** 

From the v||i Hiele-Freudenthal research on development levels in^ 
geometry it|§is evident that mastering - an axiomatic* and rigorous 
geometry coUrse in 1 year is generally impossible. Likewise, the 
existing 1-year coursesjn biology, physics, -.chemistry, : and geogra- 
phy are inadequate ancl should be replaced by at least 2-year but 
preferably 3-year sequences consisting of a descriptive introductory , 
course- followed by'1 or 2 years of rigorous, and quantified courses. 
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4. Introduce a completely new sequence of courses called 
Technology and Engineering , to begin in grade 7 and to be offered 
to all students in all school systems. The, curriculum should com- 
bine, whenever possible, both theoretical- and practical studies, 
ideally . using moderfi and well-equipped shops at selected nearby 
industrial or commercial enterprises. 

5. Raise the minimum requirements for graduation from high school 
to incJude 3 years of mathematics and 2 years of science. 

6. Make optimal use of calculators and microcomputers in the new 
mathematics program. The abundance of 'thqse tools in the United 
States should be exploited to greatest advantage at all educational 
levels, starting in the primary schools. 

7. In high school, offer separate courses in computer science, 
probability and statistics, apd 'solid geometry, in addition to the 
existing courses in advanced algebra an,d calculus. 

8. Accompany these comprehensive organizational and curricular 
reforms with research' and development programs giving special 
attention to integration of the sciences, particularly ia their relation 
to mathematics. This research should be applied to the interrela- 
tionships of subjects and the establishment of a logical order of 
presentation in the school curricula at each level. 

•9.* There is one important lesson we can learn from the experience 
of the post-Sputnik curricular reforms of the late 1950s and early 
1960s. The goals of these reforms were essentially different from 
the goal our- present educational crisis^ demands, i.e., "a new 
national commitment to excellence* in education, especially, in science 
and technology; fo£ all Americans." Our current goals need to be 
truly democratic in the fullest sense.^ , ^ 

Past projects were conceived with the 'purpose of preparing new telt 
materials and introducing them in the^ schools. They were essentially 
one-shot pnwrams of ' 4-5 years 1 duration. Examples are the SMSG 
(School N«Pmatics Study Group), PSSC Physics, and the BSCS 
Biology Project. The'y did produce some very good text materials, 
but the initiating. projects soon 'expired, *and the.new materials devel- 
oped^were left* without continuing programs of correction, revision, 
improvement, or review. 

Such* curricular reforms aue conducted inr a completely different way 
in 'Western Europe and in. the Communist countries. In these coun- 
tries curricular reform .begins with intensive planning, both compre- 
" Kensive* and specific, with strong participation from 'top scientists, 



>The mafn idea of item $ vjras ^suggested, by Professor* Benjamin S. 
dloam of the University of Cbibag^p^ . >'■ . 
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educators, and experts. Text materials are thek produced^ but they 
are not left for randojp implementatipn. Special permanent institut- 
ions, existing or created/ for the purpose, are assigned the respon- 
sibility for continuous . supervision-, implementation, review, and 
revision ^of new texts- and curricula. Some of them are also engaged 
in the process of tr^jnifig and retraining teachers. 

Our p^a§t mistakes shoyld. not be repeated. We must create a perrria- 
nent national • curriculum ' center and a national review board in sci- 
ence and technology. These should consist of the Nation's /top 
scientists and technical experts who have an understanding of educa- 
tion, of scholars, outstanding teacfiers, psychologists, and educators, 
who would supervise the development of new curricula, materials. 
They would^ also oversee the correction and improvement of both 
curricula and teaching and learning, and -would direct regional R&D 
centers. The national center would* periodically report cm national 
progress. , 



In contrast to this tremendous contributions^ of Soviet scientists and 
scholars to their nation's education, our own scientific community, 
with a handful of notable exceptions, has demonstrated no commit- 
ment to American pre-college -science and mathematics education, in 
the past 15 years. This negligent attitude toward education and 
^chool teachers has also contributed to our society's indifference ,to % 
• /primary and secondary schooling. This situation cannot and mJst 
/ not continue. For the sake of the scientific community's own sixr- 
. vival, and for that of the Nation, our top scientific research institu- 
tions, including the National Academy of Sciences and professional 
associations of research scientists, should help to reshape American 
secondary .education. Their most dedicated representatives, once 
engaged in the problems of learning, should join with educators and 
teachers in striving toward a common national goal. 
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The Nation desperately needs an educational revrtalization . We must 
admit the necessity of immediate action to renew American 'schooling 
as a whole. 

The* NSF Directorate^ for Science and Engineering Education can and. 
Should have a major role in this effort. It was responsible for the 
'post-Sputnik currlpular reforms in mathematics and ^the sciences that 
helped to .produce a new generation of scientists—the youngest mem- 
bers of our current elite. 1 

Today Jthe Directorate is the leading agency in the design, develop- 
ment, and implementation of science, mathemati<£, and engineering 
education. The ^Directorate has s jbecome a focal point for innovation. 
It attracts proposals from the most dedicated educators, works 
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* 

closely with professional associations, and conducts, intensive discus-/ 
sions on structural change and curricular reform in our* school 
system. . , % 

In the past few months I have .addressed many groups — industrial 
leaders, educators*, scientists — and I have urged them to take an 
active rolB 'in our educational revival. As they approach these 
problems, many for the first time, they seek the experience and. 
advice of experts. *The 'NSF Directorate should *now be encouraged 
to develop even further, to coordinate and lead the interaction 
between an educational system in need of sweeping change and the 
industrial and social beneficiaries of that change. 

The economic revitalization of our society and the insurance .of a 
strong defense unequivocally demand a national program to fully 
develop our human resources, beginning with the reform of our 
elementary and secondary educational system. If we fail to make 
this investment, the consequences will be disastrous. 

It is a fallacy to suppose that market forces can efficiently 'and 
quickly meet our educational needs. It takes 20 years to produce a 
qualified scientist or engineer, of which the first •10-12 # years of 
training are crucial. If our public schools cannot attract and hold 
students to the sciences, a generation of future scientists will be 
lost forever. Yet, as virtually every standard measure of academic 
performance now shows, our educational system is producing fewer 
and few eh able students in 'all fields. 



These are challenges that our infatuation With sophisticated manage- 
ment techniques cannot h,elp us meet. Leaders of American industry 
must recognize, as their foreign competitors already do, that there 
is no substitute for technological experience and innovation. We 
must acknowledge that an educated population and a well-trained 
manpower force are essential, to the recovery of our economic leader- 
ship and national defense. 

This will require, above all, creativity, energy, and wisdom. Our 
goal should not be to imitate Soviet achievements, methods, or ■sys- 
tems, but to conceive whatever new forms of American education are 
necessary to preserve our freedom. 

Fortunately, the general public . is showing increased awareness of 
the .close and intricate relation between the state of our educational 
system and our economic position and - national secuw-ty. Represen- 
tatives of every segment ^qT society , from leaders of industry to 
concerned parentsf, are looking for moral leadership and a nationwide 
program to solve the present educational crisis . Even more than 
funding, society needs guidance, purpose, and hope. It will then 
be ready to make serious commitments to an educational revival. 



Our past lleaders failed to plan and sypport the development of new 
energy sources to make the Nation energy self-sufficient. Today we 
are living With the real ^nd impending* hardships resulting from that 
lack of preparation. Can we afford to make the same mistake with 
our invaluable human resources? Our present educational crisis calls? 
for strong \ leadership, with foresight 'and patience,, but also the 
ability to act decisively. To^ give up, to procrastinate, or to plan 
only for they short term would be to mortgage our freedom and our 
future. 
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THE SCIENCE/MATH RESEARCH AND DEVELOPMENT WORKERS: 
HOty THEY CLUSTER, WHAT LINKAGES CONNECT THEM, * 
. WHAT BARRIERS SEPARATE THEM — • 



Jc^ep 



>eph I . 'Lipson 
National Science Foundations 



Dr. Joseph- L Lipson speaks authoritatively about th£'- 
interaction of development and research/ having jus't 
completed three years as Director of the Division of Sci- 
ence Education Development and Research. Always keeii 
about increasing the cooperation between development > 
and research, DK. Lipson makes many insightful observa- 
tions in his speech based on his experiences during his 
term. Dr.. Lipson received a BS degree in Physics from, 
Yale University, and a Ph.D. in Physics from the Uni-^ s 
versity of California at Berkeley. As Director of Proj-' 
ects, WICAT, Inc., a non-profit educational institute in 
Utah, Dr. Lipson headed ttie development of the^ first 
instructional videodisc and an advanced computer 
assisted instruction system for . the Fedef^al Judicial 
Center. He has returned to his position ^at WICAT. 
Dr. Lipson has a- long record of working for swp£orT\)f 
the improvement of education in the science^ and ha* 
^ written and spoken extensively on that subfect/ He bas N 
held teaching and administrative posts atythe University 
of Mid-ZMrierica* the University of ' lllmfbis at Chicago 
Circle,' %va University, - the U njve.cs jiy of Pittsburgh ' 
and the University of Alberta. "~ 

* . ' , • . ♦ 

I believe that within' the next 10' years we will have an applied Sci- 
ence of education. This means that we will have a comprehensive sfet 
of* principles of teaching and learning These principles or relation- 
ships will be sufficiently broacP and specific to perm-it us to design 
Effective and appealing learning environments. Almost certainly these 
learning, .en vi conmeats__w.il I. jmaJke_exlBCLslve_.use of computers and re- 
lated devices. The design will probably include an altered organiza- 
tional- structure, attention t?o the social aspect of learning, and a 
high degree of individualization. I would predict that cognitive sci- 
ence will play an integrative role in spanning the range from neifro- 
science to educational research. 

The history of molecular biology as well as of other Subjects con- 
vinces me of the importance- of closely connected communities of 
scholars who share common goals of \vhat they are trying to under- 
stand. Typically, fruitful communities include individuals who are 
highly theoretical as well as those whose interests are applied and 
practical. Can 'those of us who are interested in practical develop- 
ment in science education join with those^who try to understand how 
and why individuals learn science in order to accomplish the tr,ans«- 
formation I anticipate? * 
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' Characteristics of the* Science Education Research Community 

* . * 

Characteristics of ^RISE Principal Investigator? < . 

Table I lists the characteristics of the Research in Science Education' 
(RISE) principal investigators for Fiscal Year 1980 /according to 
(a) the doctoral degrW'of the .principal investigator (PI), (b) the 
type of institution receiving the award, (c) the professional affilia- 
tions of the' PI, and (d) the professional pifblicatrons (ff the PI. 
These data were drawn from the? proposal files and organized by 
Dr. Kathleen O'Keefe and Dr. Rita Peterson^ RISE Program Director. 
The following is. their summary; # 

the largest- percentage of those receiving grants had doctoral 
degrees in th^ field of education or science education (SE); 
♦but nearly as many held Ph.D.'s in mathematical and physical ■ 
sciences (MPS) or biological, behavioral and social sciences 
(BBS)'. Most awardees had bachelor's degrees in mathematical 
or physical sciences. t 4 

Most applicants were affiliated with - public institutions. Sur- 
prisingly, however, one of, every fotfr applic»nts was from a 
not-for-profit organization.' More tfvan twice as many awards 
went, to principal investigators' in institutions classed as re- 
search' universities as went to Pis in other?; doctoral-granting 
universities, comprehensive colleges and ; universities, and 
liberal arts colleges combined. 

- Applicants had memberships in° a wide range of- professional 
organizations,' with the American Educational Research Associ- 
ation 1 ^ A ERA) arid the American Association for" the Advance- 
^ men,t 5 *of Science -(AAAS) heading the list. While successful 
proposers cited membership in "the National . Association for ' 
Research in Science Teaching much. more frequently than non- 
successful ^proposers,. (22 percent vs. 3 percent), successful 
proposers were- much more likely to belong to the AERA than 
to NARST (68 percent Vs. '22 percent). Those receiving . 
grants played more prominent roles in professional organiza- 
tions, serving as" off icers or as members of review or editorial 
^boards for journals published by the organizations (61 per- 
' cent vs. 39 percent for the nonsuccessful applicant group). 
- Those who received awards were more frequently authors of 
books than those denied grants (73 percent vs. 45 percent). 
' 

One characteristic ■ of the investigators that does not show in the 
table is the distribution of principal investigators in fields outside of 
the social and*behavioral sciences. People, who consider their field 
to be -physics and?or math are much more likely to be interested in 
research' in science education than are people in fields such as 
chemistry, biology „ geojogy, or engineering. • 
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$ Table 1(a) 

RISE INVESTIGATORS FY 1980 



/ 


AWARDS 


DECLINES 


DOCTORAL DEGREE *OF PL, 


NO. 


PCT. 


NO. 


PCT. 


Mathematical and Physical 


b 


15% 


5 


15% 


Sciences 






Biological,, Behavioral and 










Social Sciences 


7 


17% 


12 


36% 


Education and Science * 










_ Education 


• 18 


44% 


4 


12% 


Engineering and Applied Science 


0 


0% 


1 


3% 


0 

Liberal Arts r 


3 


' 7% 


2 


6%* 


No Doctoral Degree 


0 


0% ' 


2 


6% 








* 




No Information Available 


J_ 


121 


_7 


21% 




41 


100% 


33 


99% 



Table 1(c) 
RISE INVESTIGATORS FY1980 







AWARDS , 


DECLINES 




* PROFESSIONAL AFFILIATIONS OF PI ' 


NO. 


PCT. 


NO. 


PCT 




A £ AS 


Amer- t Ass'n Adv. Science 


19 


46% 4 


9 


27% 




^~AERa* 


>Amer. Ed. Research Ass'n 


26 


63% 


16 


48% 




AETS 


AssVi Ed. Teachers of Science 


6 


15% , 


2 


6% 




APA 


Amer. Psych'. Ass'n 

Nat'l Ass'n ^for Research in^ 
Science Teaching 1 


8 


20% 


8 


24% 




XARST 


9 


22% 


1 


' 3% 




NSTA 


Nat'l Science Teachers Ass'n 


9 


22% 


, 1 


3% 




NCTM 


Nat'l Council Teachers of 
Math > 


, 7 - 




3 


• 9% 




PDK 


Phi Delta Kappa 


7 


17% 


. 3 


9% 
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Table l(b) 
RISE INVESTIGATORS FY 1980 





, AWARDS 


DECLINES 


TYPE OF INSTITUTION 


NO. 


PCT. 




PCT. 








b 




Research Universities 


21 


51% 


12-\ 


& ^ . 










Doctorate Granting Universities 


4 , 


10% 


6 


18% * 


Comprehensive Colleges and 






$ 




Universities % 0 


5 


12% 


4 


12% 


Liberal Arts Colleges 


0 * 




2 


6% 


School Districts 


* *>« 


2% 




* 3% 


Nonprofit Organizations 


10 


24% 


J 


24% 




& 41 


100% 


33 


99% ' 



s 



, Table 1(d) 



RISE INVESTIGATORS FY 1980 

J* 







^fewARDS , 


DECLINES ' 


PROFESSIONAL PUBLICATIONS OF PI 




NO. 


PCT. 


NO. 


PCT. 


Books 




30 


73% 


15 


45% 


Chapters in Books 




'l8 


44% 


16 


48% 


Articles in Research Journals 




33 


80% + 


- 29** 


88%, 


<> £ 

Articles in Applied or. Non-Research 
Journals 




21 


51% 


13 


f 39% 


No Publications , 
No Information Available 


V 


1 


: 2% 
2% 


2 

1" 

V 


J6% * 
3% ' 



Characteristics of PISE Principal Investigators 
*■% 

^Table II displays the characteristics of the Development* in Science 
'Education (DISE) investigators for Fiscal Year 1980 according to (a) 
their doctoral degree, (b) their institution, (c) their professional 
affiliations, and (3) their publications. These data were gathered . 
by Dr. O'Keefe. 

)ut of 59' awards made in FY 1980, only 19 percent went to investi- 
gators with doctoral degrees in education or science education, as 
contrasted with 44 percent who received their doctoral degrees in 
math, physical science, biology, behavioral science, social science, 
engineering, or applied science. , 

Research universities dominate the awards with 32 percent of the 59 
awardk. Not-for-profit firms were a 'close second with 4 27 percent of 
the awards. Although 2-year colleges educate a large fraction of 
undergraduate science students, only one award was made to a 2- 
yea'r college, and this is a matter of some concern to us. 

Generally, x devdlopers listed fewer professional organizations. Four- 
teen percent belong to the AERA and 10 percent' Belong to each of 
the following organizations: AAAS, Mathematical Association * of * 
America (MA'A), and National ' Council of Teachers of Mathematics 
(NCTM) . FeW* of the investigators listed membership in NARST or 
National Science Teachers Association (NSTA). 

* 

Interestingly, few DISE Pis listed instructional materials (e.g., texts 
or films) among their publications . However, a sizable 34 percent of 
those getting awards listed executive/editorial responsibilities with 
national organizations, and 42 percent had written books. 

Similarities and Differences between* RISE and DISE Pis 

For. those Pis for whicl\ information fs available for FY 1980, there 
are, some differences between RISE and DISE Pis. RISE investigators 
are mych more likely to have a background that specifically prepares 
them to conduct research in science education (e.g., a Ph.D. in 
psychology or science education) while DISE investigators are more 
likely to have a degree in one of the sciences. 

DISE awards were less, likely to go to* the research universities A al- 
though 'both award lists have a surprisingly large representation of 
not-for-profit firms. RISE investigators -belong »to many more pro- 
fessional associations than do DISE investigators.. 

Both groups have similar publication records, With the nod in listed 
publications representation * go f ing to the RISE investigators. A husky 
70 percent of the DISE t Investigators, however, list research journal 
articles among their publications. 
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• ' Table 11(a) 
DISE INVESTIGATORS FY 1980 



Table ll(b) 
DISE INSTITUTIONS - FY 1980 















) 


> 


4 * 












/ 




\ 




AWARDS # 


DECLINES 


- 




AWARDS 


DECLINES 


DOCTORAL DEGREE OF PI 




NO 


NO. . 


TYPE 




' NO 


NO 

"o 


4 * Mathematical and Physical 
















/ Science * 




14 


7 


Research Universities 




19 


^16 


Biological, Behavioral and 






■ 


• * 
■» Doctoxale GTdhting 




0 


' 10 


Social Sciences 




10 


5 




Education and Science 








- * Comprehensive Colleges and 














Universities 




g 


9 


Education 




11 


18 


Liberal Arts 




4* 


0 


* Engineering and Applied Science 




2 


1 


© 


• 








• 






Two Year *r 




1 




General ^Science 




2 








Liberal Arts 




1 


1 , 

. o 


Engineering and Technology 




1 


2 


No Doctoral Degree 








School Districts > 




0 


.« 1 






10 












8 , 




Not-for-Profit * ( J 

" \ 
For Profit » • • 




16 


V 9 


1 No information 




12 - 


_7 
















-4- 

59 


0 






» 59 

■ 


49 


m 




49 




AAAS 
AERA" 
MA A 
NCTM 

ACM 

PDK 



re? 



Table ll(c) 
AFFILIATIONS OF DISE Pis • FY 1980 



Amer. Ass'n Adv. Science** 

Amer. Ed. Research Ass'n 

Math. Assoc. of America * 

Nat'l Council Teachers 

of Math * • 

Association for Computing 
Machinery 

Phi Delta Kappa 

Executive/Editorial 
Responsibility 



Table ll(d) 
PUBLICATIONS OF DISE Pis - FY 1980 



AVVARDS 


DECLINES 




w 




59 AWARDS 


49 DECLINES 


«NO*. 


NO. 








NO. 


NO. 


> 








— i 


% ? 




4 

• 




Books , * v 

« 




25 




8 


5 ' 




<* * 

Book Chapters 




34 


21* / 


6 „ ' 


6* 


# 


Research Journal Articles x 




41 


"~ 25 


6 


9 




Applied or Non-Research Journals 

r — r — 


• 


25 


26 




* * 




No Publications 




_ 5 


5 


4 


2 * ( 




Textbooks and Curriculum Materials 




. , o 




3 


8 




^hj^J^lm strip, TV 




*. / 




11 


_8 




Tests m 






2 


59 


49 




No Information Available 


• 


1 


6' 
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"fhe principal difference (not surprising-) that I infer fr'om the data 
is. the -greater commitment j»f the^R^SE investigators to research for 
the -sake of research and the tlefcr commitmerU of the DISE' investiga- 
tors to the production of & product or\ procedure th^t will t>e "useful.." 
This might seem** to be olpvious from the fact that, after all, one 
group did apply to the research program while the other applied to 
tM development program". It* is interesting that this difference is 
reflected _jn membership in professional organizations and in the 
institutions of the -Pis. 

I s £lso inf^r from the proposals I have rfcad andl^he data presented 
here that the people interested in development 'do not have .as broad 
a- grasp of relevant research as those preparing to embark on 
research projects. This, too, is not surprising but raises the ques- 
tion of how we can better feed research results into the thinking of 
developers. 4 ^ 

Implications for Education and Training 

The results combined with observations and discussions suggest the 
following' to me: • - 

o Future researph workers should spend at least, part of * 0 
their training time working with a development project in 
order to appreciate. . the nature of the development 
process. * 

o^ Greater numbers of research theses should be conducted 

in the context of development projects. 

, . 4 

0 a" specific curriculum and tramipg ' program should be 
designed for students who are Interested in becoming — 
authors of* instructing! materials. My hope would be 
. that these people would be excellent in a discipline 
(e.g., math or physics) and have a flair for and an 
interest in expressing themselves in various ways. 

' i ' 

, o The training of'authors should include an intensive intro- 
duction to; the literature of cognitive science and research 
science education. This should * not becotne another- 

* Jl -'Credentials barrier, but rather a way to increase the 
flow of** knowledge and .ideas from the research community 
to the development community. f 

Rationale for a Closer Interaction between R&D ^ 

Characteristics of Bfc^/elopment in Science Education 

Development jn science education has the jgoal of providing (a) new 
methods of instruction, (b) up-to-date inst£ucti^al materials that 
reflect the latest t scientif it knowledge as, well' as changing' ideas of 
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what knowledge is most worth haying, and (c) 'applications . of the 
new information technologies, to science and math . education. While a 
development may be influenced / by research results, typically a 
development idea is based bpori' an intuitive, passionate vision of 
what the educational' experience ought to be. Development, then, is 
driven by (1) a perceived need, (2) available resources, and (3-) an 
.intuitive vision. * *o . 

Characteristics, of, Research in Science Education V s -'. 

* v 1 ** 

» * 

The goal of the RISE program is a ^fundamental understanding p'f the 
processes that lead to or inhibit knowledge bf science, . its methods, 
and its limitations. What variables and" relationships come into play 
as a person travels* the path from* initial attention and interest to 
knowledge and- skill in science? - What , factors limit the learning 
process or divert the student from further investment of time and 
effort in thck pursuit? 

* • « r ' 

•Research Ls driven by <a).<cuposity , (b) our implicit and explicit 
theories of human development and education, (q) available methods 
of investigation^ (d) current trends in research, '(e) perceive'd need, 
and (f) our .current state t>f. knowledge. The methods of reseafltfi 
are influenced by available technologies (e.g., computers fob atta 
analysis) and the range and . kinds of objects and events that are , 
available -foir study ~(e,.g,-, persons with 'split-brain surgery). Later 
I will make I. the point that DISE projects give the RISE (worker the 
-opportunity- to -study- new- and- -interesting -events -exactly because thfey 
are often designed""on the basis of a novel, intuitive vision of the 
educational process. ' M 

Effect of Research on' Development " 

1n my judgment, we do not yet have a sufficient tody of research 
results in science education to enable" us ■ \o design instructional 
materials pnriiarily oh the basis of such knowledge. What then is or 
should' be -the effect of research on development? Before I attempt 
to answer; Jet me jnake a small /digression: I take the position that' 
it is* impossible to. avoid the influence of theory on research. We are 
faced 'with a .huge number of variables, and *so* we must have some 

'method of selecting which 'variables we will- observe, measure, record',' 
and interpret. ' This -decision jriust have, some basis.- L argue that 
th6 basiSv js either -our intuitive implicit theories of how people learn 

-or ou/ ? explicit, theories * of • learning. The difficulty with implicit 
theories, is that, because' they are hidden, they interfere with an 

-orderly and -systematic discussion of issues. „ 

Conversations about,' educational alternatives .are often what has been 
called "the? dialogue of the deaf", because the participants are„ using' ( 
different implicit- theories, different internal models of, the educational ' 
process. As* "a result, l--and 6t^ers--j?.ropose th-at - explicit theory " 
building is important for the advance of'knowledge of the process bf 
sciervce'education . - . '* : * . * ^ s*—* 



^Explicir theories that *are based, upon observation ""and experiment 
have ah\effect Dpon new research? T>y ; encouraging t studies that 
explore and test, the theories/ These same theories have an impact 
upon development ' by influencing the world view of the developer. 
As a theory such .as that of Freud or Piaget Is absorbed by the % ^ 
members of socifety, it alters our internal model of tfhe world. As a 
result w'e change; the way we observe and interpret student behavior, 
the way we interpret elements of the curriculum .(e.g . , we might 
recognize that a task requires formal reasoning ability before a 
student has left the 'concrete reasoning stage), and the kind of 
learning and teaching "environment of which we approve. This alter- 
ation of world view then influences the kinds of developments that 
we think are .desirable. For example, under the influence of Piagetian 
research, a number- of investigators *have .undertaken the design of 

^instruction to assi^the student in understanding^sciehtific concepts . 
using con crett-e^rea sorting . 

The above argument implies that, at the ^present time, we cannot * 
easily . design instructional materials and instructipnal environments^ 
on the basis of research principles alone. This does not mean that 
laws, principles, and relationships are not established by research. 
Rather, there- are so'many uncontrolled factors, so mamy possibilities 
for counter-intuitive effects, that a simple, linear R&D "model of 
development is liable to run into difficulty. Art, craft, intuition, 
-and tradition are still central to the development process. Research , 
primarily changes the filters through which we view the, educational 
process . * - 7 

Need for a Broader Range of Observations m Research 

As we modify the ■ effects of educational variables (e.g. , teaching 
methods-/ class size, and instructional media) results on achievement 
are usually disappointingly small. Many reasons have been .offered 
for- this Lack of effect, and I would like to focus o^n one possible 
explanation, it may' be that we have not explored educational effects 
■ across a sufficiently broad range of observational domains." 

Astronomy. In order to clarify* what I mean by this, let «me start . 
with* astronomy as an example. Until recently our view of the nature 
of the universe was limited by our observations with visible light 
-that could penetrate through me atmosphere to our- telescopes. 
During this century this "observational window" -has been^opened 
wider, and wider. As we have developed our detection technology, 
cosmic rays, radio waves, infrared radiation/- ultraviolet radiation, 
x rays, and other parts of the electromagnetic spectrum have beeu^he^ 
"visible*" to our 'instruments. As our detection technology has • 
become more and more sensitive and 'able to filter signal from noise, 
we have uncovered radio stars, * quasars, pulsars, the background,, 
radiation field apparently left oyer from the 5 "big" bang" of creation, 
and other novel phenomena. As a result of the broadened range of 
observation, long-held theories 1 h'ave .been challenged and -replaced ( 



• by a dramatically different view of the universe*^ These new views 
require *the union of^evidepce from astrQnomy anci fundamental par- 
v tide physics. , I propose that we need a similar broadening of our 
% range of observations in educational research.* From where might 
these new observations come? 

% Behavioral and* -* Spcial .Science. Cognitive Science 1 . Many research 
findings .and observations have implications for a theory of learning 
and instruction. "Artificial 'intelligence work with computers has 
provided" analogies, new terminology, and simulations t of human 
thinking processes. Even 'the differences between machine perfor- 
nrSnce and human performance give us* new insight^ to ponder . _Work 
with animal" learning, handicapped people (e.g., spirt-brain research)", 
unusual people, neural, responses, neural growth as a function of 
experience,, EEG patterns, mental rotation of images, twin studies, 
and problem-solving behavior are among the research areas that are 
providing useful knowledge to the educational research community. 
Recently novel t techniques have been developed to permit us to 
observe specific, localized changes in brain function in response to a 
variety of stimuli, e<g , immunofluorescence and^ positron emission 
tomography (PET). Many of these studies show pronounced effects. 
They also challenge us to understand how these " effects become 
integrated into learned performance. * 



New Observations from Educational Studies * * 

* * 
The following' are some kinds of novel studies in educational research 
that might broaden the- -range- of -observations -in stieh- a way -as to 
show pronounced effects on .learning: unusual relationships between 
a child and a parent or other adult (e.g., the cases of the physicists' 
Fermi < anc/ Einstein), cases of unusual schools or teachers, cases of 
tinusual environments such as computer-based leaning environments, 
"•and, finally,- cases provided by the DISE projects., Many of the DISE 
•projects provide examples of novel environments that <may offer % 
- " interesting effects' upion learning^ if properly studied by skilled* 

research workers. Presently only a few projects such as those 
headed by Dr. £ftlian McDermott at -the University of Washington 
Physics Department have formal -educational research conducted ifi 
the context, of a development project. 

Hidden Variables ' • 

The result of conducting research in the^context of*a development 
* project is that we plight uncover important variables that were' pae- 

* vfously unnoticed or dismissed for some reason. My best example of 

this is the discovery of the effect^of "wait time" by Dr.* Mary Budd 
( FJo»e »of Ihe University of Florida? Working with Dr. Robert KarpluS 1 
Science Curriculum' Improvement Study Project', she noticed that in 
some classes, the cl.ass statemerj>s of students were logical, reasoned, 
and made use of evidence from laboratory **work and, past personal 
experience. Class discussion proceeded at>a measured pace. In other 
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classes, the' students 1 statements were impulsive and off-the-top-of- 
the-head. Students erfded their statements- with "a rising inflection, 
as if asking, "Am' I right? 11 Dr. Rowe thought she noticed that in 
the 'classes v$ith reasoned conversation the teacher would Wait 3-5 
seconds after asking ajquestion before going on if a "student could 
no! respond- immediately. In these classes, "the teacher also would 
wait after a pause in a students response before going on to another 
student or, beginning to speak her/himself. Dr. Rowe then conducted 
some more controlled studies in which she manipulated wait time and 
found that this process indeed affected the quality of class conver- 
sation. She has gradually built these studies into^a th#)ry of fate 
control--how a sense of personal causation is a factor in -life and 
learning. b ~ 5 

My personal hunches of possible other areas that might result in new 
variables .in education are as follows: The intentions of the learner 
may seriously affect what is learned. The signals transmitted to 
learners by the social network surrounding them may control their 
behavior in the learning context.' One's aesthetic or emotional 
responses to material may have a pronounced effect. The whole area 
of what makes things interesting, compelling, fUn, curiosity- 
provoking, or worthy of intense sustained effort, * needs further 
investigation. There is evidence that faulty mental procedures 
generate a great deal of difficulty in learning rrjath. and science. 
And the time sequence of neural responses to teaming- stimuli may 
generate novel relationships for us.^ 

/ 

Potential. .Impact of Rev.eJopjrienXon Research * _ ' ^ • j 

, In summary, if -develppmenrprojects are taken- seriously as a* context 
for research in science education the following may result: . The im- 
plicit and explicit vision of ' the developer opens ^up new possibilities 
to the research inyestigator . The development trial sites create new 
events to study and may suggest implicit theories 'of education to be 
made explicit and studied-.. The researcher pay Rave an 'opportunity, 
to test explicit -theories, thus^benefiting from closer contact wfth the 
"real' world. " . _ 

Barriers £o Greater Interplay between Development and Research 

I offer the following speculations as to the barriers that separate our 
development and research communities: ^ * 

Thfcre is a lack of common theory or, theories. If our theories of edu-. 
cation are largely implicit, we cannot easily organize our agreements 
'and disagreements and create an agenda for/ resolving them. We tend 
•to t^lk past each other as^ULiP utterances are generated by internal 
models unknown to our audience. Research workers tend to generate 
a specialized language that' is usually not familiar to' the developer. 
The language barrier 'makes Tit difficult for the developer to be 
guided by'the ideas of the latest research. The two communities (in 



my -judgment) differ as to what lines of effort are interesting, fruit- 
ful, and feasible. And there is implicit uncertainty as to-the proper 
"level, the proper scale-, of investigation. ThWunding source (KlSE) 
is often hesitant to support "research 11 which^looks too much 1 like 
project evaluation or open-ended exploration. 

A speaker once observed that physics deals with a huge number of 
particles 'but only „a few variables. When we fry to understand an 
individual, we are dearling with just one person but*a huge number 
of variables. This afray of possible" variables that can come into 
play in a given performance makes* life very difficult for the research 
worker who attempts to explain and predict human behavior. 

The two communities--science education research and {ievelopment-- 
are kept apart by their separate formal societies and publications. 

There is a real cost in time and money to interact with a network of 
people across the boundary between research and development. In 
the modern world, I sense /that this time and money pressure is a 
real barrier to greater cross-discussion. 

.FinaMy,. I would propose that if we really .want developers, to knovy 
more' about research findings and to include them in their work, We 
should develop' a curriculum for developers that wiH introduce them 
to the field, provide them with a basic vocabulary, and alert them to 
some of the principal thinkers. In my own experience, a primitive 
curriculum of this' kind developed for a Doctor of Arts project at'the 
University of IMin'ois at Chicago Circle (and' funded by the forerunner 
of the *. [ST3E programT~was very "effective" iff" starting a lifeMong 
involvement with the research Jjterature -on the -part of students who 
intended to be future developers in a particular scientific discipline. 
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'Relating Research and Development in Education 



-At* thje^Natibnal Institute of Education (NIE), the relationship between 
curriculum development and research is a topic with a hypothetical 
status sjnce,NIE has almost no new curriculum development activities. 
For a 5-year period extending through this ^year' (FY 1981), the 
National Council on Educational Research, NIE's* policymaking body, 
set a policy which is very discouraging of curriculum development- 
activities. I will quote the key phrases in this pojicyr 

In contribution to the improvement of instructional pro- 
grams/ NIE's major roles, in order of 'priority, s"hall be: 
(1) sponsoring the conduct, synthesis, and dissemination 
of applied research on issues of curriculum and instruc- 
tion, (2) sponsoring efforts to strengtherj, facilitate, ,or • 
coordinate 6thers' work in * improving . instructional pro- • 
4 'grams, and (3) Sponsoring, the prototypic development of 
new instructional programs. 



With ' the* exception of the quoted, policy of the* National Council on 
Educational Research, the opinions expressed herein are those of the 
author and' do^not represent the official opinion or policy of the 
National Institute of Education. '* * 

•/ ■ - 
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The only, rrtaj^r yxception specified irf'this policy that would permit a 
full-scale* development was a direct relation to tine achievement of 
equalization of educational opportunity, of which needs in bilingual 
education were cited as a specific example. Development activities 
designed to meet other nationally recognized needs or to take advan- 
tage of unique opportunities require' the review and, concurrence of 
the NationaJ Council on Educational Research. In addition, the policy 
specifies that even full-scale development ordinarily wilJ not include 
sponsorship of the dissemination and implementation of the products. 

To my knowledge, no full-scale development has been undertaken 
during this period. Some of you will be familiar with the prototypic 
activities that the Program on Teaching and Learning has sponsored. 
One example was the development of prototypic curricula demonstra- 
ting the creative use of ^hand-held calculators in thei classroom. 
More recently, there is the related joint National Institute of 
Education-National Science Foundation (NIE-NSF) program supporting 
the development of prototypic mathematics curriculum materials for 
microprocessors. - \ " , 

The current policy on development activities expires this year. I do 
not know if the policy is likely to change. The considerations which 
led to the adoption, of this policy *re contained in a report, "Nile's 
Role in Curriculum Development: Findings, Policy Options, and 
Recommendations. 11 I suspect* that the conditions which led to 1 this 
policy have not changed substantially . In any case, the present 
/ budgetary situation means th£t a change in policy would have little 
practical effect. We cannot afford the immense expense of a full- 
scale curriculum development within the limits of our current (Carter 
'Administration) budget. Any sjty:h activity would require a special 
addition to the budget. 

* 

In the past, NIE has supported many curriculum development proj- 
ects, some of which continue. The catalog of NIE products that was 
issued a few years ago is over 2 inches, thick. Most of these devel- 
opment activities took, place within the educational laboratories and 
centers that NIE scippocts 'with about $30^million /each year. For 
example, the research center at the University oyWisconsin devel- 
oped a mathematics curriculum, Developing Mathematical Processes 
(DMP), that has been completed and published. • CEMREL, a labora- 
tory in St. Louis," continues to develop the CSMP (Comprehensive 
School Mathematics Program)'. CSMP, one of the* survivors of the 
"new mathematics" , is showing promising evaluation results. Students 
in the program, including low-income inner-cit^ children, perform as 
well as students in conventional curricula on standardized tests of 
mathematics achievement. In addition, they perform significantly 
*better on special* tests of mathematical understanding *and problem 
solving. Unfortunately, the curriculum/ which was designed to 
develop fundamental mathematical concepts such as "function 11 and 
."relation," calls for major investments .in implementation , if it is ever 
to be widely used. The' material . ip grades 4, 5, and 6 tends to be 




impossible for teachers to .understand if they have not worked 
through the materials for the earlier grades. CEMREL also devel- 
oped a curriculum for .gifted secondary school students, Elements of 
Mathematics, In other institutions some mathematics curriculum proj- 
ects were terminated, ,ln addition, there was^ a wide v.ariety of read- 
ing curriculum development projects in the labs and* centers. Diverse" 
other projects existed,' For example, CEIVjREL also devel6ped a cur- 
riculum in aesthetic education. 



Wgys of Relating Research to the Curricula 
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While we at NIE have not been in. the position to relate development 
to research, we have been able to relate research to development. \ 
, During a site visit to the mathematics group at tflte Wisconsin center, 
' we suggested that they might design a research agenda for them- 
• selves by identifying the units in* the DMP curriculum which are 
relatively less successful in teaching the concepts they are intended 
to teach. Because the curriculum involve^ detailed testfng for 
I mastery, this information is readily available. . Research projects 
could then be undertaken to identify the sources of CfcncepWal dif- 
ficulty. I believe that the research projects in which this group, is 
. now engaged were influenced by sirch ap examination of difficult 
spots /in the curriculum. Since NIE takes a relatively agtivilst! ap- 
proach to_ research management by issuing Requests" -for Proposals 
(RFPs) to do research specified -by the.agency, we! have also applied 
this same strategy in selecting topics for some of our RFPs: calling 
for research^j^he. acquisition of concepts which are. known -to be 
generally difficult points in the conventional mathematics curriculum. 
^ At this moment, in fact, we are railing for clinical studies*of mattte- 
r matical learning, difficulties in high, school algebra and .geometry. In' 
this, instance, we have left the Specif ication ~ of the particular con- 
cepts under investigation to the researchers. This kind of relation- 
ship between: the topics v selected ^-for research and the curriculum is 
also something* that we look fbr in research grants applications. It 
is one way to demonstrate the Ifcnsitivity to educational practice that 
is called for in our grants announcements. 

Development in Response to Research Progress 

***** 

How would we relate development to research^, if we were in a posi- 
tion to undertake development activities? When is a full-scale Cur- 
riculum development project justified?' And -haw does it % relate to 
f Research? There % are two major elements that enter into any curricu- 
lum development* project. One is the substance wWch is to *be 
taught. The other is notions about strategies and\, techniques for 
teaching that substance. A* major phange in our state of knowledge.* 
2nd belief about either of these two elements would seem to be what 
justifies a new curriculum development activity. Advanced within 
the substantive field being taught may result in changed - opinions 
about the key organizing ideas which we would like to rsee trans- 
mitted to beginning students. A drastic change in government may 



• require the development of new texts in history and social science 
Subjects to conform to the new ideology. This kind of Justification 
for a new curriculum, along with the desire to introduce a new sub- 
ject into the curriculum-^for example, computer programming — is \ 
probably most familiar. ' . • r * 

But there are other equally valid reasons to undertake a new devel- 
opment activity. There may be a revolutionary change in our under- 
standing of the mature &r the skill or knowledge to be taught. For 
example, I believ£ that research on reading comprehension has 
brought us to such a drastic change in the 'detailed and precise 
understanding of the goals of reading instruction . Quite a few 
years ago, NIE. organized a very % large planning conference for .its 
.activities in reading. From this conference emerged the judgment 
that research in reading comprehension should be given highest 
priority, funded in preference to research on the ■ perceptual, 

• phonetic, ancL decoding aspects of reading that had been predom- 
inant. Since that time, NIE has been, making very large investments 
in reading comprehension research both through individual research^ 
grants and through a competitive research contract whigh established 
the Center for^fhe Study of Reading for a 5-year period with fund- • 
ing of about $1.5 million per year. The size of this investment has 
probably been large enough to change th^ course of research activ- 
ity in the -two basic research fields most relevant to this program:- 
cognitive psychology and linguistics.. It was also a ^fortuhate cir- 

• ^cumstance that, basic research psychologists were 1 ready to, take on . , 

the type of complex problem that reading comprehension represents. 
Th£ interac-tion of NIE's 'investment with the general spirit of the 
times has resulted in a gt^eat concentration of research effort on 

• r.eadifig - comprehension: the National. Institutes of Health - (Nl+O, * 
NSF, and the Office of Naval Research have all been supporting 
some research' which .contributes to improved understanding of 
readipg comprehension.* * * i - • 

Of. course, research is nwer finished. Each advance generates new 
questions, possibly in geometric progression. ButVthe contrast is 
stark between th$ detailed understanding of the processes of reading 
comprehension that i^ coming fronjftthis research' and the view; of 
reading comprehension* represented!^ the writings of reading edu- 
*' catprs that I reviewed when I cSm£*to>IIE Shears ago. Even those. 
wtfio were knowh for their emphasis on the importance of comprehen- 
sion in readfng instruction seemed to suffer fronts total' abSaQcer of 

• ideas about what' exactly, is involved in successful understanding. 
Th^ey. 'seemed to offer 'only exhortations about' 1 the importance of 
Understanding- to either teachers or students, ki cpntrast,, fpday -we 
have .quite a detailed knowledge of the linguistic, devices ^th'at are 
used to signal relations between sentences, such as the fact that an 

f> object now being mentioned has been discussed earlier in .the passage. 

Just a few short years ago, linguistic analysis, was confiaed to single 
. sentences. Tociay, it is possible to write a computer program that (^j, 
\ can do a reasonably good job of locating the main idea jrt.a P£ rar ~ 

; "graph, a task that many student? cannot manSge effectively. Det^leq* 
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mathematical modeling of the eye* movements of skilled readers alTovys 

* us to draw reasonable .conclusions about which information % skilled 
^readers are using to* integrate , their understanding of the t?xt. The 
research is -very rich. Probably the' time is ripe to attempt to trans- 
form this growing understanding of what skilled readers do> as they 
comprehends text, inrte- a curriculum-^hat will train \the less skilled 

\ * to do likewise. Unfortunately, Ft is unlikely that NIE will ha^/e the % 
- resources to support'even this development activity: . 

' 4 

Recently, *a highly subcessful conference presented the . highlights 
of this research to representatives of the .publighrers , of C the major 
readiRg textbook series. We hope that this will result in improved 
t * comprehension instruction in their hew editions. 

* « , 

It is" interesting that f^w of # us consider that being an expert reader. r 
'/ « .should make you an expert 'teacher of" reading. f The view has b£en 

* v * otherwise .in- science instruction. I think it - is possibfe, howeVer, 

thbt research of "the r sort that has been supported in the joint 
NIEjNSF Program oq Cognitive Processes and" 1 the Structure of • 
. . Knowledge in Science* and Mathematics, research which- continues to 
^ / „ be supported by both agencies separately, will result'in an equally 
' • . profound revolution In oj^ understanding of the processes of scrence*'' 
• . learning. One day we^ rnay . feel a compelling ^n^ed for"riew §cience *• 

/curricula whicrt # represent an entirely rfew approach ta * teachina-. 

Such results should not be expected ^instantly. ^Research is tfiher- 
- . ^ ently analytic^ Teachers are alw^ay^ complaining 'that resdfrchers 
tend to take on , very small arid restricted qgfestions. I would hope • 
\ . that science teachers^-at least those who .have been researchers-- 

< would appreciate, the fact^'that .this* js the .nature of researchable ' 
>• * questions, not the perverse rfatwre of researchers. Consequently/ 
we need substantial clusters of rataWd research projects, before it is 
reasonable to expedf or. calffor an. jmpact dq teaching, today there 
are. just a feVv topics--eaNy ' number concepts* in r?iathenjat1cs, v simple 
^ . mechanics problems in phy£ics--which are attracting enough research 
activjty to shov^ -genuine promise of advances* ipoinde?stanciing. As 
/ the research' communities , grow, it .may be ^easGnaWa %o consider the. • 
. *~ . . option of research centers, comparable 4 tci the. Center for- tjie SfUdy 
\ of Reading, -to foster an* integrated body 6& research drawing upon 

- > the e)<peKise o^ several disciplines*, ffoweve^, a research community 1 * 

• mtist be quite larcje and well developed to warrant the gamble tfra ^a^ ?' ^ 
\ ; single bidder, will be able to , gather the necessary talent iif one -place 

. to form a high-quality research center. Coordinated effort 7s ^no ' 
-substitute" for^qjuality effort ifi : research. m , ° - ^ * 



Incidentally^ the NIE .experience 'wifh, curriculum development ddes 
'.provide 'some experience concerning th^ extent W which **one % c^n 
expect research to be iQtegr*ated> Jnto' an ongoing l!urrieulurfr -devel- 
opment effort.* I believe that^tftis *was one^ /purpose 'behind >bhe 
government support x of curriculum development" in> the cpnte^-t'*of t thS 
laboratories and dbnters: to provide a level.- of support that would 



make it possible to* integrate research into the development process?* 
Apcording to >ep'ort$ that r have heard, highly qualified people "wer§ 
"indeed hired«to puH together relevant research knowJedge at the time 
the* prdjects were initiated. HoWever, the opportunity* for interaction 
• ^ -soorr closed off as - the need to arrive at a competed product macte 
.changes ira either basic premrses or even .detailed teaching ideas Jess 
and less yelcon^t . This seems inevitable. Perhaps a detailed researph 
investigation of a difficult point frva curriculum* as suggested. above? 
could yield. f specific fix, but Jt .might equally yvell lead to a chal- 
lenge of*one<9f the basic -premises^on* which the 'curriculum, is built. 
r ^L In- development; -it seems that you -run with>the krlfifwleclge you have 
^* * tf1e outset. Therefore, you should be reasonably^ satisfied with 

■ ' >/ The state of the* necessary knowledge before initiating a major devel- 
*\ * * opment activity/ . • * . 



~ / * v • Relating Psychological Research to Curriculum Development 

Some of you may ftave noticed that, although I was introduced as an 
exp'erimentaUpSychologist, I have said Lfttle about the relationship of 
basic research in psyctyojogy to curricuJCfm development. Of course, ^ „ 
' • '^research: in psychology Is one of the major sources qf ideas about 

)' '''modes of learning* and effective - ways . of teaching. This ;is true 
wKether or not curriculum developers - realrze that it is true* find 
• whether -or not they make a, deliberate effort to incorporate ideas* 
*' ' * from psychological* research in, their* development activity. 'Over^ a 

* • ^period -of time, "ideas 4 that were^once esoteric 'research become «om- 
monplace and, 'common sense. Today , /for rjpstance, Freudian ideas are 
almost inescapable. They pervade literary criticism, historical discus- 
sions, and Ann Landers' advice cokjrrfbs*. Watsrortv find Sfciriner^ af^er 

4 * him, wrote for the ladies' magazines. 1 Barry Brazelton, a pediatrician- _ 
researched who is in close communication ' with researchers investi- 
gating cognition in, infancy, writes a regular column for parents. 
Thus, the*paths.by which idfeas are communicated are) often indirect 
rather than straightforward antf academic. _ , • r ' 

"there are other sources if ideas 'about learning' and teaching. The_ . 
most important is probably the accumulated experience of many gen-*. 
; • erations of efforts to teach a subject. Reading instruction,, for 
. example ', should probably be considered very*di£f-icult . to improve 
• • because it/Ws been going on for a very long time. A shortcoming 
of\jgfc-source"'of knowledge about learning- is that usually' only cer- - 
MainMlrbups of .people have been educated, . and' there has been a 
• "^SrS^Btolerance' for 'failure in teaching. Particularly in * mathemati.es . 
' "'and^Pehde, education has been as 'much .a process of selection as a 
process of instruction. ' Today, we want to develop instruction that 
will' work for a broader range of the population.' * / 

• 1 

Probably the major sourde. of the traditional teaching ideas as well as 
a continuing source of ideas is introspection into the instructor's, own 
thinking and learning processes. The instructor or curriculum devel- . 
• " oper is likely to be -an unusual 'student", however, a- strong and 
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?• ' ' thnvm 9 survivor' of the selection . process'. Therefore, these iptrb- * 

^ " "spections may not u be valid for the typical student. The same'is 
t m truac. of preferences in learning experiences. Perhaps. Jh'e period of fc 

. enthusiasm far discovery (earning should be- attributed to a' combina : 
« v,< tion °f such personal preferences with a rationalization drawn from j 

, V" cognitive developmental psychology. Aside , from problems .arising 

from the, atypicality of^he person doing the introspection, there are " 
problems created by the Tact that only certain kinds of psychological 
, -> „ processes and knowledge*, are -accessible to introspection. Science! ' • . 
. . • educators interested in "cognitive process instruction" are beginning' 

to\ recognrze that the expert scientist has a great deal of knowledge^ * • 
in the "form of conceptual -relationships and problem-solving "skills ■ 
that does not appear invlhe overt instruction devised by that . ■ 
scientist. * • / * ~* 

IronicaMy, it is this sanlfe kind of knowledge that I believe psycholo- 
gists, have to offer in science education, 'not the kind of knowledge 
that psychologists ordinarily put in their courses or their^ textbooks . 
4 Psychologists— that is, the, elite of productive^ research psycholo- ) 

gists--know how to investigate psychological questions. They can't x 
v „ ~ te " us much about developmental stages in major scientific concepts 

or about how scientific concepts are learned on most effectively 
taught. Such topics have not* been the subject of much research 
activity. But psychologists do -know how. to go about 'investigating 
\-' o science learning. They have- a repertoire of, conceptual distinctions 
and exjaerimentdt techniques that can be very effective. In fact, I 
think we shall soon see very exciting results from the research pro- 
% ' grams of those few strong psychologists who. have chosen to apply * 

the power of their own scientific tradition to the problems of science, 
learning.^ Fortunately,' it does" seem possible to attract some of the' 
strongest*" psychological researchers of the, present generation to * 
these problems. ^ , ^ 

It is -important to recognize that social research must be done' on ' . 
the questions of science learning. Since the- situations and kinds of 
behavjor that have been* researched in psychology are usually quite . 
different from those which pose educational problems, there <is quite 
a lot of risk in making generalizations without undertaking research 
to test the. validity of the generalizations. As a specific example, * ™- 

Professor Wirszup's recommendation of the European-style curriculum, 
in which the instruction that we give in one S year'is spread out over 
several years, reminded me of one of the classic findings of experi- 
mental psychology: ''distributed practice is better „ than massed 
practice. 1 ' That is, psychological 'research might be taken to .sup- 
port Professor Wirszup's opinion. .However,, this research was done 
on the learning of nonsense syllables over short periods of time, 
which seems quite different from the learning of geometry. I, for 
* one, would* hesitate, to make the generalizatipn . ^ 

^ * * 1 'The background of research on nonsense syllables might help us ' , 

design a good arjialog experiment with geometry concepts. - If we 
1 ^ m .found the generalization to hold true, it might still be th% case that : 
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the underlying mechanisms for the two phenomena are quite dif%jsent, 
so that the generalization Js really only" metaphorical . In the same 
way, it is now becoming evident that the patterns of thought to 
which Piaget gave the name ,l forma| operations 11 do not characterise 
an individual thinker so much as they characerize a" stage in the 
mastery 'of any particular conceptual* domain. Piaget's * synthetic 
genius is not diminished by pointing out -that the patterns he 
observed do not necessarily contain'" the detail required/ for useful 
guidance to, instruction. p 

Another important point to rememb§n about psychological theories Is 
that they are partial, isolating some aspect of the. whole for close 
analysis*. Trying to apply a single ^psychological theory as if it. 
covered, all the territory is likely to lead to disaster. Many of you 

-may haVe heard that behaviorism is' pass;e, that the^ fashion has 
changed in psychology. It may seem that this is the kind of revolu- 
tion in our understanding of human learning that might justify aban- 
doning .any curricula based on the former view. It is true that the 
focus of current research activity in psychology has radically 

* changed> but that doesn't mean behaviorism was wrong. Skinner, in 
his book Verbal Behavior ; s&id that complete sentences are 
reinforced. My generation has chosen to. wonder what in the world 
a complete sentence^ is that it is an entity that^pn be reinforced. 
Behaviorism dealt primarily with the ipotivational aspects of learning, 

'largely ignoring the constraints on what could be learned. Cognitive 
psychology deals , primarily with the structure and organization of 
(Earning, with those constraints, and largely igjhores motivational 
aspects of learning. Neither is wrong. Each is a partial view. 

When behaviorist principles were applied to curriculum development, 
it led to the proliferation of small objectives, in imitation of the, way 
Skinner trained his pigeons to play ping-pong/ In^Wieral, it js 
probably a* good idea to specify objectives. But it is very important 
that small objectives actuary add up to give the desired jarge objec- 
tives. If 'your understanding of the skill you want to achieve is so 
poor that the specified partial objectives miss the point, you, might 
be bWter off muddling • through in an undirected fashion, in whfch 
v case some activities might contribute to the important objectives that 
you have been unable to specify. 1 think that most -objections to 
behaviorist cDrricula arise from the subjective judgment that the 
•specified objectives fail to capture the -true' nature of the subject 
matter. In the behaviorist approach, the analysis of the skill into 
trainable components'-, was an art or craft sometimes called- task 
analysis. Today, > it is becoming a subject of scientific investigation. 

•There is an interesting way in which basic psychological research- 
may come to. meet the subject matter expert in*. curricuJum develop- 
ment activities. It seems possible 0 that some of the'-research now 
exploring the nature of expert knowledge in science will lead, to 
general techniques for extracting and representing the knowledge 
that people have. Such ' techniques might -make the subject-matter 
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expert's participation in curriculum development activities much more 
efficient and productive' .EventuaMy, we might also* develop an'" 
instructional technology which would convert sdch descriptions of 
knowledge into effective teaching procedures. ( Alternatively* we 
might embody that knowledge in computer programs and develc^D an 
* entirely different set of goals for human education.) Of course, it 
is the .promise of achieving insight .into the generaftnature qf human* 
knowledge that makes this research attractive to good psychologists. 
If su^h great accomplishments occur--or even before they are 
complete—basic researchers in psychology can be expected to move 
on to other problems. Meanwhile, if science educators can appreciate* 
the fact that psychology is a basic science in its own right with its 
own questions, historical directions , and current research priorities-- 
not a field which exists solely, to serve the needs of education, 
management, or other fields of aqtivjity in which learning and perfor- 
mance have practical importance, a useful period of collaboration 
can probably emerge. Since an individual lifetime doesn't ftave room 
for very; many serious research investigations, many of those who 
are attracted to problems in science education will spend their 
research careers working on thcrse problems. I am quite certairf'that 
reading education is benefiting from having been the subject of a 
fashion in* psychological research. The potential is there for science' 
education as' well. 9 ^ — 
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